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~j~- w x + i? 

*v\. Ja -f 1 —* flop-*. a.»d Jo v'*-J w 'C 

U^en ■*:•= o. 

S lop*. : 


m 


- E 


2 0°F- 4? s F 


= - 8 V/*. 


A c &ar *L<y> yH*^ -+C 


Gin. 

Ojkin v:-Oj T = 6 8 a F 

p-r^-*4tt.re ^a.r i‘A-k‘o“'» +UrB«jli ui 


T= -(& ° F / :n -) * + 

+*«- +«-t- "t^*- 4 - P ' : X " ^ ^ ‘ 

T- -(S^A.)* 3 ''*-) 4 6 8°F 

~- 44 °F 

There /i no °f & e€ z t ^3' 
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P^OSLEK 2.1_ 


■’ Aflo'ojadro? It flown mass Vs lo caJ;z<£ at a Sweet? le 4 devahew 
^elatwe -fo4t* iurfttce o f fine ear-Hv. 

HMD: Deters me cjrayita+iofv&i pcte-ntial evflergij of 4W obje.ch 


e^^.moDgL : (0 TV\C object 

vs a- Closed StjsVCM . (i) The. fiC- 
c-etefotU'v\ Or avuvit^ U coAs+owt. 


_' m ' ^ 0£) ^3 

Z.= 2S'»W 


4 


A^A^V4L^. : The^ravifftttoAa) pofevd-wvt owef^vj 


t < < 

is 


?EL = w\ ^ Z 


= (HO0k 9 X c ).18^y^S^ 

- kT ^- 


I N 

k*jm/S V 


I kM 

1000 rJ 


[ kr 
l k.N m 


P£ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM 



2.3 

ZilCE^-SoofMbf 
AfE*+ 15oo ft-lip 
VT= 4oflV5 
Z,= 3o$t 
i lo&iif 


p3M4t/s L 


® ^£=iK[MT l -V7l] , ~= 

;vf=[ 


SoWj ^ * \Ti, j 


^ [ % 


'■n 


= '5i*fS‘ -«*-- 

(§) ^1PE= w4(Zi-Z,)^- isoof+lbf = looibfCZi-soft) 

SoWl ^ 


Zi*- 4 -Sft 
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PROBLEM 2-4 


KNOWM_ : A b<*ick k^ooo^ voLomvie. <xvwA densitv exoenertce5 a. an/en 

/-_ *„ . .. * * Y U 


deefcaSe ilA eieva-bon. 

F IN Dt 4 Ue cVid-k\£j£ ivi po-teih'*X energy. 

SCHEMATIC % GWFXl t)ATA: 


V^a.SV3.Sx<® iV 


S -lao Ib/ff* 
3 = 32.o ft/s 3 - 
zl£= ”67 -ft 


EtCfaR- McQfcL: (i) tW bntk'ii &. closesl 

f>ys>tem. (.20 The cuxeler<xHou\ of 0reu/C-tvi 
is <x*nsfa.n+. (3'iTU2.dewii'-Kj of the- boAu 
is ULwifOTvA-iV\rou<gWout. J 

AMAcYsis : " 3 , 3 

V(a.s i A(?*£*nXk i A i>> ^3 1 — 0.0^0"s? ff / / / ~ ttt ~* 

tScxSt-cf o ^ OLS £ UL pf v £>—\ (3^) 

^V\=«§v =Ozotbfft i X 0 ' 050 ^ 8 ^ 3 ) -B.bS'lb 

Tir\e. cUa^tf. i [A po-tawkcd en&fa'j o-wA -tW t-Wvafioi\ asa. reftfedt Bm 

AP&. = yyu\A2 


f 1 

=: (3.fc5lbX 32-oiX^( - 4*^)133.2 Ik */? 


= -zr<?-3 /+• itf 
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Problem 25* 

K«om -Wwli (Vo^ «* Jew I -to «_ 

f/MQ - ' "b«+e^>VM„f "tM ckAn^f wvi poffH-fi’M energy 

Uto^ktc 25OT- ffrf 



S««+** F«jWA1 




f *j 

CA 0-J— 


5(^ 




VOCQ ^t. £ f*f V'Jkluc ) 

J 


ecati. mcL?;-.-, i; As ikou»« .V -tk* j i-i-M. au.fui^bt lc. ; s + 1 ^. 

t-jiVv*. •*. TU* actele^-Vo* ^ ^r*u*>| At co«4iRi*t. 

A KJfti_TSH • TV* ^ i po +-t«. ■h'/'A ■e«ei ir ‘j^ lq 

APB = ^- 2 ,_) 

1 "* t©^^j-cd «-o f-k<. ye^’cC*. u/e«'sL|. T/v**s y 

k K Vf w<| ji V (X 

A PE - k^soo iLf)(Tcoc-ft) | ^Jf+ibf I - 2.25*^/£J + 
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PROBLEM 7-G 

KMguJAJ : An object of known yvulss dtc&icraAcs from a. «wen ,'wi+i-f 
VC-loci-ty fo a. known -fi n<3.( v^/ocify ■ 

£l^ D . ' Dc/cv*mihc -pUe change <'n kiwefic energy of fU^ otjAcf. 

SC^MAnc i Cn VfjkJ data : 


V7 = lOOm/s 
\r = ao w/s 



5K34R. mopgL .: The object 'is a cfoW sysft-m. 
AkJAVjSlS • The change ii\ kiHefic energy /j 

Ake- ^m[v; 2 -.u 7 l j 

InserfuA ? knouJn \/aUes aw\f«Wi*3 «.u/>5 


r ^o a - ioo x i bl* 

1 M I 

I kT 

l j ^ 

1 

I0 3 N-iy\ 


= ~ 4 ^ 0 O JLT 


4Jc£ 
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PROBLEM ?. ? 



, 1 (.««,«}>[ 

= - 20 ^ 42.3 ^3 


ICrflQ^ 

km 



_ II 1<L | 
U) 3n u ' I 


■4 


Z\ PE - ** ^ L z i~^) 

- (l4©oots.|)t.1‘'Uf l *'/s*') C , ®>< ,oo "'0 | , il |0 Jfj-i«\ 

- 1 ) 341,100 k 3 
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PROBLEM 2.8 


KMOuJaj : Av\ object ot- know* mass moves wi-H* a given velocity . 

FlMDt Pe+erwrtmeCft) the -fiwd vetod+y -for a. given change in kinetic 
enemu, avulfb) the cUAh<?e in eleva-fio* -fora, <We* cAai*ce in. 
-po4ewiiki e^e^gy. 


3&^£/MA>ne £ GW£k) Data : 

gwgg. i^ppe L - . (t) The object is a. closed 
3 qs+eai. (2) T^e Acce/era-ffion ©f 
is covtsfo*t. U J 


r 


o 


W\ S 1 Ito 

V7 = joo Afs 

9 s ?2.D tt/S* 
(«) OK& - - loo -ft- ikf 
tb) Ape - IOO -Pf-Hof 


"7 7T7 77TT7" 

AA/AiiSl^ 1 (A) The change m kihe+tc enerjy u related -/o-fhe iV/fiaf 
f/na/ i/e/oci+ies by 

ake^ i^Lr^-vUj 


solA^y -for The fiWi veloe<,b| 

W 


2 Ake 
m 


+ VT 1 


f (2)C-I0o TMU) 

’32.2 Ib-ff/s* 

\ inn 2 ‘W -2 ’ 

1 Cl UO 

i ibr 

+ ,o ° ^ 


CD 


- sq.foi nu 


MX 


(b) The cha^e in nofenfi’ai energy U rgWed -fo 4ke change i'm 
e fev&fioK by J 

APE = ifny AZ 

TW-Sj -fke oUange i ia ele\/a4tOT4 is 

A2 = 


APE 


© 


m 3 

poo -f/~ fbf) 

0 lb)f?2.o f4/s^ 
- too.G H _ 


32.2 ib-f+fs’ 


I Ibf 


A2 


/■ The Veitfcity c(ecreoie.^ e)(p&c-fed- 
Z. The elevation increases } at expocted. 
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PRO&l£K 


^NOWKJ : Aw object of knixon mass o.cce.1 erodes frt.iv, a. gi ven ivYi-Kal 
Velocity +o a. g ivev\ f ua<x, 1 Velocity due fo *tte acKon of a nasu.lf5.Kt “force. 

FIND . Determine. +Vie uoork done by tUe reSultawf force. 


S_C_ri£HArTtC & Gll/fcN VATA 



m* 3. kg 
-loo wijs 
\T -SOO Mis 


£\jc« mot>ec; ( 1 1 ) Tke object is a closed System, (zl TUe resultant -force, 

istke. ortlvj m1e.ra.cHon beruJeeu\tVe object an its sarrouruivVigs. 


ANiftLN^tS. : By assu.<v\ptvov\(,2^ j tiieuiOrlc of tW. resu.l-ftt.»vt -force waist emai 
tUe ckanye >ia kCine-tic energy. "Tiouv, usmg 2 -b 1 

(D work - { mCr^-V; 2 ) 


* ^Uk<3)(5oo x -XOO l ;r!l % 

5 


t N 

l kT 

I kq- m/si 

I 0 3 K- rv\ 


-310 kx <. 


w©rk 


!. Tke mcreAse in kmeVicenergy of tbe. object is tbs resu.tr of 

energy -transferred to it bg -ffe work of ftie hesul-htn-f tbrte. 
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PROBLEM <2.10 


KNOWU- Ay\ object of kr\ou>n m«.s.S undzvtyoes A.cWxn(je of kmeficenerqy 
due fo fke o.cftfm of <x rcsuf+auf -force. Twe filial velocity, +-he 
doAe by ike force. , +ke ciao.^<i^ c\ev<ii<^a/\ji.<yv-e>') 


FIND’. De-terWrte fbe mvHcd vetocihj . 
jCtiEMATHC £ GrlVfcKJ DATA; 



m - 3oo lb 
- Zoo ff|s j 

work. done by ? 
Z.cesu.i tnuxt forte \ 
(z 2 -7,)= + /ooft 
%-ZZ-l-l /$*“ 


I4cb*0l 




£ w&R- y^oPCL •• fi") The object is a ciosed System. &') Tne fo«.e of 5 ra v:-b-j 

ac+S ov\ -UWx. ^bjVcl', AflouU^i^t -farct a '/ oth /^/XCS 

dt+fhjj ov\^ i> je cf > 


AnA-LVSiS '• Bq a.ssu.»vipf 10 n fke. ujork, of fke cesui -force, mu. 3+ c<^uaI 

-IVu. tutyu^+k* tWiiti, 1 ;—k-meb'c cHffMM a,v«i ^ K«no-C i><?Uk h <u t>u 

"T^^ / ■ 2-^1 ^ r 

work = im (V^-VT*)-* 

4 

Solvtw^ for NTT, liftScrfiky Veduc^awd cohvertmg units 

.-». 2&-<gfz I -aO - . NT- 1 - t.h.f* 

V x - ^3 ■*■ A J <* J -3S-6f 


6'-^ 


2( • ©M Bfo.) ; 

7T6ft-lbf 

32.2 tb-ft/sA 

(3co lb) 

l BKa. 

l vtf 


+ a©<a |- 


or 


© 


c 2-5 o 4 3~ 

nt; = is i-s ff|s^ 


vr 


1 * TW mcrease »ia velocity reflects. the. 1 wcrea.&e m k-i beHc onzfQy of 
■Hrte object o.s a. rfesiUt of energy -fra^sfenred ft If by the work 
of the v"esultawt force.. 
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n?OSt_£lA 2-11 

KfJOUitJ: Data, are provided -fa*- <». <Ut < - * j {/yLuhra/. 

FLU^.- Cfc) obtain appro fid «.«. <H(Wj|io «4 iv OM1F>t f of ■ 'nt.r-h'a. anti 

fU * bU*4i'c e«tr“}y . tfc) Ui.tif j.Vr^ «U+», d« Zer.vk.Vie, +<*• Kmttit enersj 

****** t *f ty t*Ui+e L fc) Uf*>j rebuff* fr pA f +ib) , dt e 

A A Ai uf ^ H d 4*1 A ^ i/ *V 1 t'y <jO It f ^ / 

S+«-« l 4- u>h*e.l ^ 

£l5 t 3ooo R FM 

R- oZB^ 

W - 0 

Al ^ L^Jf p£ U 

<o = 3 d oo 
^ s o oiy >vv 

eu-gg- I. The ^Iju/hee! ki +Ut c-Zos-td 2. Mth'j*, is reU*Vt 

+0 +K*. flywheel Support rh-«h.rt, 

<*) Evaluating tUc vAOMevot of irterfia, 

I * I gr'dy 

V#/ J 

For M disk j JS * Czvrrdr)w. TUs^^ce s \ s to^-kti 

X = ^Utc)w J^ r 3 dr- = fttwR y^_ T 

TWe Luac/H t e-v\is 

ke = 4, Cijv'jdv 

O.W(A \) ^ raj, 50 

r K 

kE - J & C i f r*cA*) Czt? rArW 

* iS^^)wf 6 R r J^ 

£ 




X 

~ i i<«? l 


KE 


(b) Ftp*** Ttf-fiJU Aj +ka o-f steel ^ 0 — ^oGojcj/j-m^ 

W*4.f f Lo 

>V*= 


r (mo (°-3K~) J = ( JI-'4ly “** 




Uj;*3 -fa- erf p*r+£A) j /<£ - i ^ *** / i*jkei 


kci^ 


X - */' 


JS 4 - IT ^9060 E£^£o* crtT«*)^°‘ SSr *0 ^ 


Continued on next slide 
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Problem 2-11 continued 




K£ = t 1 5 


3 a.57^/o 4 A/ w*- 


j 27C r*J 

» _ Rev r 



2 - 


I to 

IKym/f*- 


tt) T-f KE -t*~* SO'Mt ^O'- +*-t ■p-jwK*^ 

< 3 lt ^ / 

(KE'Ul. ~ (kOst 

Qt^)» l = Ci !-%’*» Xal= x tr 

or" 

(?/ w Dau '- I" 

"* Q >R " , )* C ' if*'*')* 1 ' 

U.-tw J) A( _ jv^ “Zi-UxA-C^, /?*£,- K ?A" J 

■<?al = /b°£°Wo.3H 

K.S-JOO/ 

- O ► 5"-4-— al 

f'kjIMy 0-f- ~f^- CK l O *■*«. •£{ <-j U? 

m = ^V = ^ C *» nR*"] 

~ ^2700 7t) ( 0- Sw ') - 53.oi KJ -*-- w 


K£ 
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PRoGLEM 2 - 12 . 

R-cuv, ?r*b2.1 Ij \<z - t Twt 


ur - 


- efj 


/z. 


Acfe X — 2oo ib- -ft 1 . 


TL* ^ <*' e '‘ c f7 of A- '°° ^J-f railed 3o-ff“ ** 

^PE = *\^* i *' Z 0 = do 6 30-fO j ^ 'TTjJ - 


T«vn\. <-:-K = ‘Soooj-Hfcf } 

Vi. 

2. (,3000-f-* • U>f } j 3£^z_^>J_?5if*| ^ - 3<.0fr 

Zoo ib «4t*" i 4- Uf ly 


"U; 


( 


l\s\ 4* s ^ 

<--- (?'•=« i)l t¥H ^.1' I*-' ^ 
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PR06LEM 2.13 


KNOlqkI *. Two objects. foU treettj uwder 4be mt-aence ef aroviHj from rc-sf 
fbe. sa^e iWitial elevation. 


FthVD • SKoto +taa-t Mrc ma^ni+uJes of-fW-Velocities arc Cdr tto. vnomevt 

jOiT before, fbetj live. eartW. ^ 


f)CH- 6 MATlC & ftlVBM DATA \ 



S < { f / f * + + r t * / 


e.m4,r iwoq6l : (i'l An object m -rreefaW is acloseA System .&)TIa£ accelerate 
of flra.vibj is ams+aat. (3) 7V\er£. is w> affect of air resisHwoe. (*0 1 he only 
force act i'iacj is -Harct AuJi -fo gravifij. 


A/VA<-Vf>i S ■. for an object faUtn^ freely uwder ike. fnfaewe of gravity, 2.t/ 

^ |m(\Ti l -v;^ + mg *o 


For VTJ -O awA Z L -0 

\r; = J^sT, 


- W\Q 


TWs 


i 


Svnce. TWe _fina l veloctVu cfoeswf. depev\c\ (M mass, \do 4 -U object's 
wvu Wave ide.wt\caA V/eleci-ties Oct -me moment \u.s+ before -then 
STriVs. fVe ear*V\. ■ J 
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PRD&LElA 2.14 


klvlOtOKi *. Av\ object of known Is projected. (jupwo-nA. fr^m-H%e surfa.cc. 

of +l\e e<XffK u>i+U ex. k-woum im+iof '/elot'i.fj. Tke oiAlg -force c uU-iV\g on -fke. 
object is ike-force of gravifij. 

F 1Mb : Plot +lf\c velocikf of fV»e object versus el elution av-<A defer m \W. +Ue 

e\eva.H'on. uobevx its velociKi recioUes z&vt>. _,_, r _ _ 

V,_-o 

SCbffeMivrtc jLfeivaO EAryv*. 



9-315 ft/s 1 
v; -2oo *Hs 

m = 5 olb 


f / { f € f f t 


^qpel : (t) jWe object U closed 

System. O) Tbe occelercctiev* of gravity vs 
CoiAstixMt.(5) "FHe, 0 *Uj force. a.ohin4 on +Ua 
object is Ike-force of gravity. 

AKfAlNSIS ‘ Siricclbe onlg -fbroe actm<j <tk tke loo<Ag is tUe -force of gm.vtf^ 
^ • ‘ 1 applies. TUus } fke veloattj amt. e'evaKem are related to fW- in it &-{ 
c5Wf\ti(m boj 

TVjj,S } -solving -for" V" 

\r =i _ 


preset on ~fcr \T 
iV\ iiar^s of £ 


Wbeia VI-(9, Z-jlS 


- v/T z . 
2 9 ’ 


zoo 


* HYs x 


XCSl.SfH^ 

Plotting the above relo-t Co uvsKbp 





Z (ft) 
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PK06LEM 2 AS 


Kj : A U©dc of bnow>n vnass -wvove.S odoivj am melt bed surftuse.. “The 
cmjxmz \tfr eAgVafCovv <xuA -fttc- ckan^c. in IciVicHc ene.naij of fU,c. blodc arc 
^\ivew.. The block, is a.cfe<A u.pow Iom a force para.Ue.1 fo+Ue. iVtclvwe 
-fta, wee. of <J mvi-hj. u 


tiCstD'. T3e4ermme "the. nifu.de and oL reef ion ef applied -force.. 



e^ .pio p u.: Cl) The block is a closed sysfem. &) The acceleration of 

qravity is constant. (J3) Tine -force K is consta-nt - . Ot) There is vu> fric+iorcxl 
^yorce bsTudee/v The block, an.A fUe On dike. 


• Becjiwvwmg u>iH\ E^. Jk.U 

Jf-cts - AKE 

From +Ue free bodUj d'acjTam, fke d^rt -^rodUtcf F ■ d s can be -e*preject as 

_E*dS — (R — yv\^ Sim 30"} ds 
So 

j (R—wc^i* 3 o oN )<As ~ 

i 

NWm^-Wf wv^sin ^o°ds^ vw^ +Ut integral becomes 

R As ~ AlCe. + m^az. 

EifaAiMttm ^ AS 


AS = 


A‘2 


3 tYI 


TWs 


-Siw 3 cp " si* So" ' tvA 


t-SOM-m} +• (iok»g'|(Tfll m/s*X3W| IN/ Wm/s*| 


" HO/12 N^____R 

The oositwe Value den ores that the direction ’is tta. Same. Us indicated 
On tW above, figure. 
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pffosieiM z./t 

Scgmi'ii'hg from rest, and otcjecA of knocon mass slides c(cu>n. 
aw ind\v\ed plane. Tht ien^jh o$ Hie ramp is <jiven. 

F-InjD: Determine Hie velocity of 4-Ue okjec-f<jLf Hie. bottom of -He Iflwvtp. 

SCM6M4T1C j 6W&M Data-. 

m - 2.00 ktj 
0=9.S( m/ 5 2 

v;=o 


EM&g.mo&a . : (j) The mciss is a closed system. (2) f Iwe i,y no frie+ion 

between -Pbe mats o.yv! H*e ramp ) amd aw- resistance is tfeditf'ible. 

(3) The Acceleration of gravity is constant, ” 

AAJ4rlV6IS '. Sy assumption C 2 -!, "Hie onkj -fovie. ac-fincf on Hie .System 
|5 +Ue -force of gravity t/ius, 6y. *?■ u AfpJ/es u 

© + j>-y «,-?.) =o 

Solving for 

vi»yiJTT-zT) 

From frigcmomefric rfe4af‘u>n«5hips 
£,~^2. ~ (10m) 5in 40° 

Tku5 

= fz (•?. a/ 1^/s^ (10 5 m 40" 

- 11.13 m/s __ 

I. even though Hie object travels a/on* a*t incfiW ©aHi, Hie 
mrfj&flj dtsmucg appears infU'is expression. 
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PROBLEM 3-1? 



Fig, P2.17 


0 £^er^e. - feZOKCa.1 

0 C<*Jur»Vilu t J 1 C tyo o f Vfl^' l k i t* CrC-a*^ “ 

I^acC) 

73 c^/oW* —Ci/i^c , J ^ 

fc^pcc^g __ 2 , 3 S' t ^ p^ 

26+ ^*Vc^f 


264 fcc^ 

U-€~ 
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PROBLEM Z.iB 


KNftU)M : of knotjon wvxt$ (Xwd-^ <s)W€*\ mil [«.(Velocity e^peri- 

€.v\ccs a clece.lfcra.fi*c)v\ due -f 0 action oh a. rtsu.lfuvi.T -fovie unc| 

Copies to v<2vt\ 

FIND "> T)tf£,vrTVih,< 2 . 4he Ldvig-FU of fW 4 orce. \s applied (xv\<x -rhe. wort. 


iCu gjAA-TIC £ G l t/EM DATA : 


r m - 5 kg 

V7=H0 m/s 

v; = o 

«oc - -“^^S 3 - 


/ f / t i * { s f t f r 


e^Cfe rnc'DiL; CU Ttve system ts oioseidL-C20 "The. Horfzor'vfetl dficelerarhem i6 
cohsiartt. * 

AfefAlV , $(5 • To -fmd -fWe ftmej use hiit -fucf +ku»i Hie. <^Cce.l6r<*.+u>v\ is 

CCM$hx*t a,S -fo l lGU>5 

&x~ Jf => AV" * 

r ti 

} dr z \ <K x dt 

If J J 


tUus 


AC -Nj T = At 
At - lYL - ^ 40 w /s^ 


- 20.5, 


a* e a^is 1 ) 

"^W work of -Hut -(-orce Is ^©uuud -fr^/rv G«, 2.^ 

jr( o ^ 

Wort. - 

- - 5 I—! M — II -L«_ 

■ I kg-tn/s 2 [0 2 m-w\ 

D =-4 kX*___ 


wonc 


l* The ne^-Hi/e d^risr&s energy 4m*tsfer ptcfc of 1 4ke 5^s4em t 
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PeOBlGM. 

IcfJocWfj • A k-\ Otojfti 0-f n\ass 9 &C+Z4 On b *3 a. resuH**> 

for &. -/v "V-. e_ y eyp«fl'«i«c«t £< <jj«j+a^+ A.&tler* (»'o>^ 

'Jto£< v; ^j#% i Ei *-4 Vt I oc^ 1 ^ 

F'^S ! T>«W.w‘*« -f^ o-ic of f/x AftSul+e»u> -f*> i 

SC HT M/M IC 


* rce_ 


J./^OIbj' 

w 


*V{ = o 

a. - a. -H-/S 2 - 

^ - t?«£ s 


r 


£wg.g. ftlQDl L •■ I- TU-» obj f d Li -+U*. CJo£«d S^j-kn*. Z. Hoh'o* i/i U-srijovt"? M , 

S 4 *} £4*iw ^k%o Ckwcvn^A wv ^ * 3. 

*XCC * ( er& Ei‘ev\ £© t*S f-ft *v"f- 

A^ YgfE; App^'Kj £^. ^.’ Eu- a J 2_ j f k-* M, * r I c ^ 4^- 

^ ft a R. to <y a e ^ 

\X)°i-fc ^ ^ Lvs ( "V^ - \C) 

T 1 ^ V*Aoe*f-| VY w 4 a 3 



^y r (x (certtUntj 


d* 


dv-- Tx-v; ~ ^ (-t-L-U) 

Or 

jfO 

x + «.(tx-1<) 


~ a^(US i) “ "78 £4/s 


"TV-s ^ 


work - (.soityis 

- 1SS2 ^4-lb + ^ 
= (1SSS W-IU-') 


l (U 


12.1 Ib-U'/i' 1 


work (-W- lb(.) 


I 


n 2.i f+.ibv 


- S.ll 
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PKoBLeM 2 Q-6 

jCfV&uJn : T"he draj 4rt}C<. f£ Uoujjo a. c-Aron <? f ^/oa' 

akid ij-f^f r f e r,T L 

£V^D; T)*-/<*r required &*j -/Ae. I^tcfcr ^ ever- Ctf^ne. 

Sc+lvtAftT t c g 1M ^ : 

Q = 0 ' CoS 

jl — J ■Tl- LAy^. 

j> = M K9/rt,5 

Tiht -frocJt is 4 k-e sys+fuq. 

Am a L.yeti : A £<j. 2.13 j 4 -^jl p o*->er /u>€„^ u-/W ^fo a </e r M iaa ^ oL/tfkj A 

fy* 5-V-- ( iQA/V') V 
= J Cj. A jj V 1 

• i»«i(*-'x-s^.* ¥ j|Jtu^ 

ifcW 

1 10 U 

^ l 0 2 . kW* . . — -- 
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Problem 2.21 

K/OQION) • Thf -fores asso d -f tw f / <'»v^ fet isinuce. of •+!*< hr** o~f o~. 

■fri/ctc. ^ 'fv^c'h o*<\ o-£ ‘frwcic U/e** j Ivf 

r /mD ** pou/? ^ b'j "tvyct ~K> j?y«r foiling 

s-c h^imattc J >AT/\ : 

.£ = 0-006? 


V=32?.jkn 

LL uJ 


IT 


> ilD 


k>&jg, jfapL ‘ "TKji 'f'r,jck.i£ -pu# Ty . 

^oA^ Ytit: /vppf^w^ £^?.f3 j +Ka. po^eK H-o ot^erco^e iroJjiftj rriirkwce ii 


Wv 


F r -V 4 v)v 

(p. oofe^)(3ii s **4— D( l '° **l ‘rdill»S5* 1)1 Ia5-*" I 775 /* 


= t 8 kW 


—h- 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















PROBLEM 2 'll 




ti*>* d -fi 


rc e_ a*^ 


d, -+k~< -/o 


i^ca Affo <u‘ * -h ^ £jl-» /■/ ^ r ° * * , v ^ ^ £ *'£4n-<^r ^ 


# £ fvrtc-fi'e^is <a ^ ya^f ■s-bf e 4 £i£ S * c-V a- "ht® V<c L*^' cAj^_ 


CLr^ Ic^^buj*^ 
ji^L ^V\<?rh ^m . 

£V^jT> - (ft) -f po (Aj*f M^u*rf i do £W^ y- i^k^e. cirdtj a, M, ^ r& N d HL- 

*.+ ST^/^i - <h) p/af- -fi+Jk* 


ret iE^U^t* ti/Ke^ veU-‘ci-4 

ajf p4f-f{0 &nd ru»K ^f^ruf 

{V*v^ o 4 o - ViSt-asi- i mp 11 c+fron -fv^ v*U-*.'d*- f^< i f can_o 


3 S 50 Uof 
A= ^3.3 'f+ L 
^ = 0i3 ^7^ 

f^2/Q cs 


■*^t) 



j)- o.oS iW-fH 


_ztcrr- 


<5*j£/v ^OdcL- 


T^*- Vf^'cX-t ^ S y 3 {-4 m 


Ap(?i-jjr^ g^.2-IS j pouje^ -fo 4-r^j 

V/ d < Fs •'V - C i C J Af^ ^ = i ^ A ^ ^ ^ ^ 

, J (0.34)(2?.3^)(0.o8^ \v{£) | ‘—l |^l] I ilW-^\ | ^ |h ^ 


- s.kS*'^ 5 tj'f^/f’'}] 

Tl«- pjw«f v^iA.r* >t "t© o Cj/w-a. rolling -vtrrS+ft*Cf t© 

W r = F r -V - fi V)F - fe.oiXss* ^1^)1 “^0 

= 0 . 18 °! ■v(^) ^p 


(*) 

si^nkWi _ 

C**0 


ft) lukev\ ~V^" w*A / k ^ uj-t 

W d - S.t«-m.ftrr(_sf] 3 = ^.4^0 

W r -- '°- 4k t 


Hi,*V 


Continued on next slide 
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Problem 2-22 continued 


00 


Lfi Hk ^ "V fr O +D 7 r VMni / K j 

pLo+t b* d e ^ d . 



Velocity (mi/hj 


A*-t p I o-fa ■+■ ^h=<" o-p 'fa a Eq & B / A. ^ 

pflgd** -h 5 AG^V-i -f-ft. H <_j^ 

pflt/**v™ 4 d <iv£Xj ^4 

UajIaj^- j^a-He-e-iJLo j cj?" t-* 1 £-*w-+^* cLf/w^, b-^-^^U/5e. ^ 

|4sjl, "V^ -W"^ jL^yo^o^Sim T^- 




'0 


jpiUSV' Ta OM'Cr ia^a. t-T 6^ 

j2a^^“U_-£ h ?‘ft>Ke cl lo card l/^ tw elAj, ^ 

U* E U^$j*u^ cUrunv\j k*-, Si^u-^‘<>v--0 tvs 

Cf^vs^v^p h'r^\ ■ 
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PKOfiLgM Z.-Z3 


KNOUJAJ • M £Ct-Su.»'- e 4 dart- JrfH- pressure Versus v<?Cu»l€ ciu ./i ia* -fUe. CcrwpvrSJky*. 
of a. erawt 


FI kip ; Co.) DcftrrtiiiAt k. -fo/ - ft- Ef of -f^e dafa- by p V "= cvmte-xds. Clo) Use -Hie. 
r^Sitlf (p-P |?a.rf (<+) -ho evaluate- -Bi£ wortcdone. ^u/iVva -flue. torvpYFsi (on-, 
(cl Ei/aluAfc- -Htfc (jjorte u&futf Pruphitad nu-fMertccu tUfeam-f-um. dif 2 
+Me dafft^cdj do/i^)rf.r£ cUscu-fs p&rh Cb) and ( c), 


5(T4£^tAn6 # & li/flu patA i 



Data Point 

p (Jbf/in.*) 

V (in. 5 ) 

1 

112 

13 0 

2 

131 

11.0 

3 

157 

9.0 

4 

197 

7,0 

5 

270 

5.0 

6 

424 

3.0 


Ek’-ia. ^u-Pe t.: /. T!*fi rffrijemitt in -FUe. ptsfon-c^fjUdLey-a.sse.hwi>(y fcy»vi ra¬ 

ffed Stjjfervi. 2. "Hie pressure values provided appro 20 In a/e +ke 
■pr^stx-re at ffie piston -fame.. 

Mi&LjjSiS: 

(a) One approach -k> £iUd vl \$ -fo beyu* toi-Wt M = tensianf. TaUm* 4i*e. 
of Ipo+K sides of- -HvU e^ft«fiow ' J 

V = i.o^ c 

0 r p - f- n) Xo^ V f-Cg c 

iWs, C-w) corresponds +0 fU<2 slope o4 a plot ot U P vs. lo«V. Usms 

® (x. 5pY^cut5(A^+ 4° okmtm +U<£ ptciHh au4 -fta- l«urt- d&uitres bes^r 

-f Mr CJLLrtfd • ® 


^3 


v\ -fi 


°3 



fVp»n fie turi/e fit 
£-*0 *-0.<10881 

n ze.'iogfi'?^_w 

Tkws 

F V ' 


Continued on next slide 
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Problem 2-23 continued 


tb) Usii^ *fUe r<sv.lV£ of- parK^N ^ -procedure of £.!«>. *-pk z.ij -jhe wovSt is 


r Vt 

w -- * 


rA* ~ r, ^ 

(i-*> 


(im -o^X 13 - 0 ) 

‘f+l 

1 fikx 

a- o.<io8&-n 

12. xlftf 

1l8 


- - O.z l£>3 BkL ^ 


W 


@ [c.) 4 <jreipKicfti 0 f work involves a, plof of -l-ke.-kLkuk.'kof 

(jfafet o.ix4 «• swoo+U Cu-Wt ctrauJh -t'Wrou.jl* -H*fi- points : 



cratU <?le men W r-ecktv^le fw +Ue ptaV toncVt^ufe^ -fbe foUou>iWj 4* -Hux- 

oXQa. wvuler -fta curve: 


Oo ")(o.s iw 3 ) 

' w i •? Tu 


[ -¥4- 

! E>4rW 

!Z in 

trie fh'Wi 


= S.356 XfO" v 6kc 

The v^awW ©f fikkn^Ws V& CLjspr-o’xiVuai-eljtj 40(.i , -tkcts 

VJ^O^ol.t^CS.a^xto' 4 ) — o.2i*/£ (3fa*_ 


M 


C^) it*£ resutTi ooki-Luea in pat-k CM &.\*A CM ^ce. iwv go®if flujveeimeicf'. EocAa. 

5Would, be ^owsidtrc^t &- plcu\^iM^£$f'{ifryu4e ’fof -H^ fea,$oy\s p^eyi-Ved. m 
Sec 2•'2.4 lu +W- cA.IsqmH LVK ©f- O-CkxaA CienaAvs tew axcdl COYUJinfSSitfK 
yro cesses. ' 

1. TUa ^of-VyjCLVc. IT touldL loe, useJ ~fo okttJun /kt l-ea-sf S$uac«s Cju-rue fif j)a 
pro<jv(unm mj +Ve -tou^furus -{or curve •Pi-itika. f+- D fs easier-fo use 

$pre Ajtf.sk ee-4 pro^vuvuin +Uix induce, kouieve?-. 

2. Tke cma^ rtrve^ture^ cia-kt. a-re. \ok>\Aake<k dMu. paihk ^kou/n us 

■filled Circles , Tbe Si^ioo'I'U Curve cfoes n<3+ necesidriJ j re»re.5eu£-fiie 
acUud press u re oof prsfe-A. -face. -/or -flu. c^issp^wir^g lArtu-me. 
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P£dBL£M 2.24 

tt.N> Me* cured ft trtufe - cto.+<?v r <*-r\ pa^i* <&\ o f 

Cu ;4'k-*Vv t (iKd**~ a>^ C£n*£g*$/)'gn £ ^ ^j ^ H C ^ * 

£i^p' Cs) Def*r*wVi* *v -£ r A £'f */ d *+* CfeJ D'Xe’f^ 

/f'fu lir pJ^+ (*] fv CV'itUJ.^fci 4K-* UJ£?r(C iene. -f^ ^ * ^ c ) Ei/^f^*-ti 

+(*-* uuo^K US>*5 <]ri>/jk.’tJ ftr^wfr/^i ,n ^*3 rA ^ ^ * 

(4) Co^jpfrfe f Arf^ fOy ^)- 

SCHtrHA-1(C 1>AT4 - 1 


1- 

—I 



Data Point 

p (bar) 

V (cm 3 ) 

I 




1 

15 

300 

i fates 



□ 

2 

12 

361 

1 




3 

9 

459 

L _ 

( 



4 

6 

644 




5 

4 

903 




6 

2 

160S 


MsQ^L »' I Ai *mJ +i\4 rc^w^h'c^ -f^-* gaj^j uj >'+4 k*. p rs fa*% - ^ 6* 

+KJ Oo^^ sy JL T>i t pr rrru^ \M tu ex P fO^,’^ d appro* rrv^* ft t^ 

p\jp£Su.re <^4- -+^* p^sh»rt.^f£- 


>AJAiV*tS {a)0Ae. a,fprocLc\A "fo 4-iwd k *6 ^ Id€^ua u/i+U 

/oy of bo^U sb(€i *£ +Ufx 

l *0 p 

/o^ p * £- K) i<^j V -4 c 


vi V - Lo<j & 


p V ^a CCm.Sf'AM^ TdiciK-J 


fKw.s ; £-n) c^nr^esffoHds h> -Pit*- sjopS o£ *. p®+«f Iq^ p v*. /e>jv. Us'tw 
J) &. sprto-d.il iee+ pro^vo-h-1 -fc> oWtUn ~H*t-ploi fl.n4 fU« /«&?/• S^u<4r’«s k«?jf 
//■f CWXV’C : 



prom -fl»e cu.rye At 
£-*} = -J.m& 

or' 

n - i. i^c.*. __ 


Thu 

pv 


s 

l.lnb 


s: C0»3t«ut" 


vi 


Continued on next slid 
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Problem 2-24 continued 


(A) Uofug -fAe yesulfs of parfC*) and fW p roc^du^r &f £*a./*f>ie 2 . i J -f'Ue. w ovk. jr 

w =jV- ly**' 

Y t C'~*> 


(, 2 bqr)f lfrO8 Cw*} ) -■ f 1 3 oo) 

LO^hJlH* 

t m 3 

i IcT 

( /-/J$S6 ) 

l Wv 

lO fc CVrt 3 

10*W-M 


= 0.64 3 ___w 

© (.c) A gva.plnic$l «va[h.aAiW ®f Ata cuovfo upvalues a. (plo-f- AW falowi al-eel 

dai<* Cm({ a. 5 kviocAU <u^/ve avcuon Ahvou^bi 44e Aa-fov yoiVt-s : 



Pactt fil-em-ew-foil lM "H^e p\of CovtAr’ilflU+es AUe. -fcliouiiVw fo> A ^ Ateen. unAev 

AW curve: 


C.4 bfl.r^50 cm 5 ) 


10 s u/m' 1 

l 

[ CT 

i bwr 

Uo*- cm 3 

tO J dl-« 


O.Coz IcT 


TW wu.mlw of recftt^Ws <c approxiywiatAeUj 22 . 4 ^ AU.us 

V/* C324)^p.002. 1 = D.fcM 8 [*7 # _y 

(d) iW results oWimiW m ptufs Go) Cel are i'n °iood as reeme«-A. Ea.cU sUowU< 
be terns idevjwl ftlaus ilaAs esAiWade -for 4t*e orc^fei -in Sec. 2a. 4 

AW- ettscasiiffA e-f acAia.au txpansum ^Ampresstevt processes. 

A Tke scAAuiare IT CDiUet be u.s<n( foe^fctin fUe. |e«£f icuarej c curve. -foA Wu 
pro^r£tm»rtiVi^ Abt e^uAfurtif -for tc+rVe ftAtmj> 1+ is eatrer fo use a 
sbeeA pro^ycuM (Vi fUlj iusAcUicfij A>ouj«ver\ 

2. iW onUj rweeciurtfst ^AclA* (are. Ata -AaloulaAed <AaA». ^joi'wAj, sIidujii a s 
fiLlcc-l circles. Tbe SVMooAW Cvirve 4txrs naf necessarily represewf -fAe 
acfu.it jpr^ssure cfA Ake puAcrn -face -for AW cc f regponAfk j volume. 
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PROBLEM 2.25 

kMQUJAi : A k.*ltSwn <xo«**-"f of gaa a ct/vtsfawf- dwjuk process 

m a. pis-ft>w* culmAer CLSsei/nblg begins n\^ at" A sf>-e.cit jed ipectfi'c 
voiu.vw£. lUe lODfk. is kv\oum. 

PimD '. Determine -tUe ■f’LiA&t voluwe. 

SCHEMATIC $ GhJgfO 'DATA ! 


® 


I 1 r 

r- 


1 r *c l| 

j &.4-S 


A 

li m =o,isitj) 1 





Vz 

W=JpdV= -l£U 
v. 


PMiGi?- mcpel : (d T^e gas js a closeA sgsfe. ha. 

QZ) 'pr'cssu.^e. '1$ C.cmi-ftS.M.'t etcLV'm* -f'ta. jp»"occrsS 
aA/ACYSls : CUmg ^.2.i-7 

iv = J V pav ^ 

n 

= p(>4 - i^zr, ) 

5o/\/iAg -fcrir V2. at/v>l iUscH-ih^ i/«(u(ei 

^ t- 1 M xr ( 


C-^kT) 

t bai r 

j O J A/- m 

( 5 *b dr) 

l£> s *//m' z 

1 kJ" 


+ fflUSfcyVOA iviVfcg) 


- 0.01. mV 
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PROBLEM 2.Z& 

KAPLUN, , Co ^ pirfuv, - f osu'e*^ trff-j u*vdiLrj per C^^aHSi^Vx 

(ju Ucrc +^ p-iA't BvT 

pf ftJ D ’ £ »/ a l 1 / a.*! C. A a *v ci J3 4 io o p* M. ^ a M ur ^p eti ^ 5 . 

gCHZHATlC T 



£^&F rv\c?DEL - CO TKj 

dxJL f * V\ J ^ (M \J? 

MjADrsiS,: 


Co fxcio^c'J 12.). 7 “^ /?-V" ^ Ea b av^ 

Ii'^eA»~. C3 1 Vo^vHC^t « t'U. <*ju, u, 0( - fc 


P*rt (fej 

p _ A 48"Vj =£? 3 OS--f*0+ A 

p t _ a -+ R\»a ^ (rM/*V) 5 £> A 

<r.— v B = - 7 .r^ ,^»-srW.‘ 

observe 4h*-r A <^#\d B taci^e. *i **■’c.*JL vAlue* < 4 4 , 43 . 


^c4 {a/) S'«Ct v-b ( c u# 4(Ai. t^jjOr fc ***■# dr Ae * 2■ ( 7^ °-f>p A CJ ■ 

V L ^ r — 

W= / p^V- ^ tA-t6V^V " lA r ' + ~ 

- ACV*-V,7 + x ^ 

= i3 . ?r !H|'^|[2-5-0.s]^ 4 ^'tS* I ^ 

* fat+o «" 5to 0 t+ttf <«-— 

V 4- l 0 ) ^f*$H*f| " 4 ‘^ ** 

A^-er^^hVc par + (^)* 

•S^ ^ v >“■ «*"t «I»^9‘““* , “ 11 > 

a $ tKjt cxre.4^ plows' l-n-e.- ? 

Vj= R.vcK-V^- (V^)^'^) ~ C^fe|4^rK ? - f ' 0S ** 

^ 3<c,oo -ff- ( 6f -*^- 
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PKOBUPM 2.2*7 


£N u\Jm : A gxs Undergoes a compression process- Pressure, a,nd volume, 
are. given of -the. ihihAland-final sM-fes. Pressure a-nd vs tu,me are. 
related linearly duLrinq -fhe process. 



EtJ 

d*A'/ i AJj 


Y - m 3 

c^ 


ics-movsL.\ (i) The gees i s x closed system. (2i) Tk^ P ~V nJ*t*o 

A'/ ♦ ajj CL *■ S 3f n 1 * H e.a r. {3 ) Vc l ^ wjl C ^ w e s - J /■ 


S 2( ^ ^ 1 * nea. r. {3 ) w ervj;r Luyt-t kSs Je. 

M)AL>isi g: £«.sec( o« -ftoe ^tv'eut dU*. p-V" re/a.f ;i>n cah be expressed 

OlA^ 

f = C4fe>ar)-(jo 

LohenL p IS In bar and V is in w 3 The coot-tc *s dejerrri ined US t m j Eg. 2.a 

W - [ f d V 
\ 

Inserting -Hie p~V relation and titt'ej ra-filt* 

pV*--04 m 3 

w= j [H- IO vj 

V, = 0,1 m 2 ", 

1 ^=o.i 

= [^-(^)v 2 j 


V,* 0,3 


= i C4b«AC°- 1 " ®-3)^ - C ^)(<e- li 


,V- - lk:T 

l _(p.3'> l )(m J )j jImp) i^ w ' 



--H0 le-T^.----W 


^ /ne >l£jafw£ Sj^M 4t?r ujdrk rfetAofss 

2, St -b'k- 4 p-A/ - re 1*-+ TtA ^JLr>iC<x^ V^/" c-a.*^ de i i ^ £ vtK ^«nk d 
Ho* sWe-Atf^L s. fvll OlxsS* 

W= F^LlV a ft+ft-Y\r- V^) - -&WX 6 - 1 ~oA)J | J 

' - i. , 

- - 4 -o kj 
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“PRoSLeH a. 18 

kmoujM : nJ*j_ « Ek*'^ A- pi j/t>*i - £*jU*Vi<3 f Pf **i ^*y t/fl dcrj p^j 1 Cc^p^fET'Vw 

u/here f"***- p-V’Atls^ia pV" J,,1 = constant 
F / ^ P> : T>e 4 <rfWiVu -H^ vofu>i*ic *■ ”fc I*' 1 -*- si-alt o.»v<i +(vt uiork;. 


scm/^ATict (Siv^gM ~b^7/^ ; 

,V , Ji = CO nlia-it 


ew&r <v»ooel: 




LE J1 

— 


F 

r, 

a= iMfk - 


f» = o.zM/V j ,'V7- 


A^ALTyis ; (a) p ( y**= r,tC v ^ = (i;r^ 


L TKj Lo Oaied , 

2 , flu p- V" fcUxhiJ'A 
H ^p<? CJ* f» € d . 

J r Vfl C iV H-U UJ a<- ^ ►vtgdc 

^ M = i-3*\ r^s. 




°- s 


im"’ 


(b) Sovt* ^olv^j. ci^yv^€ ^ woi^K, 7 rr J f ^ 

0-f p-rHO 4 ! ^ C k ~" <L 

vr» P-v.-f.^ - fa MPQfar^)- ^.zMP.)(a.T^ )| ^-’•[(^ I 

‘-^ i-i-ir *” * 

» - 12 _ fcs.T- k.3 -< -——• 
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pp-oSLet^ z zff 

^ ^ p rtdx^, ^ Ond £v*j * tJ o-v^. ^cpcm Sj yi^, k.^_i^ 

p-V/vtJe*Ku^ uj p - A 

£ f M X) , "lI-C '4^J'Wt IU + 1^5. -fi‘rt*-4i Jj-*J j£ Ul f J LaJo , 


rcH^M^Tict &i/gnjj^7VU 




A V 


B 


A- Oh Vw ' 

— 3 “ 3 Q 

~^~ ooi^ v a ^<5. oaw 3 




^ p, - (<£>.0& W-w3 Vo-O^w, 3 ] 4 3' obl " 

(J - ^*° bar 


£Mee. rv\outc; 

E . Ttvj fcV S -1 ^ cJ^cod Ty rh^ 

2, TI^j p-V ? t lf^. cLu.^ . Q\pcy n y; 

tJ" T 1 p i? ck It, > d . 


fl - £ f^. 6 tbftr.vu)/f ( 5 . 03 i« 3 J -t ?-Ob*r 
^ ^ S. o ^r •& - 


(>) S iau c ^ 4 ^ tofrri* t^. 2-1?- /1-er- T*A*^ui y 

\W* j>«nr- f > '[-£. -> A4 "^; *• S<Va '" V! ) 

V VT 

= (c^w-O^C^) -+ Ca-oo»-o-««7~ 3 


2 (ooi»s 1 f «■ oc.3 *’"'■“ ( ^-‘|J 

- 12$*) l«-3 


j to r /Vn, *• 

1 *J 

1 Tb#r ) 

i 
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PROBLEM 2.30 


KWOUJAl: Air ancleryce-s a. foly-broptc process bebxJeen boo specified Mes. 
f \Nh '. Defer mme, -Hie toork . 

Scuayitvnc. i GWf-A) SAVA : 


lb me! 


v \AlR ; »W/''«5r tr Ml. SOW 3 /lb 

ll )/ 4= go Ib-f/tit "5 cr,=358# 3 /lt> 
p V* 1 - conSrtuff 

£mg ' ?i mofeu.- (,) ai ‘ r j s a closed 5u6.fem.CZ..) The. Su&fem vender*, o&S a. 
poly tr*Ojptc (process; ( pV n = c©r«-^* &. ^ 

totViaS' ^rom -ffe prfcs:>u.* 2 -volume relancm a. poU/fropic (pnoasis 

P t Vi* - f^y^ 1 A> fj V '* - p t TT 2 ^ (s.'Hct .'s co,.ti f»«t) 

•5o!vt*i<7 -for n 

/n = ^ CP ' /P ° « l0 ^ 2s /«°) , . 

U^t^i/v.) locj C3. c tS/ti.S0') 

tiooo. Eb 2.H -fo determine c^orlc avu* wtfU -fta. molecular UAui/itf 

or fl-ir -FromTable A-ic * 

(V-L. o-vL 

W = J pdV s. Tn J ^clu" = m(con*t) j < ~ 


Ju 
V, 

=; "Wi 


I iKvrw*. -j 

1 — 71 ^ J — V\ 1 


Woio vn = (oa^rnoOC^S.m lb/ ibmol} = S.T^H \\o 

and 

W-Csn^n iw 


f(SO IbffiViMO'JS WVlbV(2o)fU.So)') 

14 H m 2 

1 oKc 

i o- 

1 . 307 ) 

1 fE| 

■Jlfitt.lbf ; 




- - 309.2 


W 


1* ^^ga-Kvc siqia -fey' u’joric denotes eneroei tramst-er jmtq -five 

siASfem. u d J 
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PRO (bLBM 2.31 

KMOUfvJ WavM (Lvf Cools sloiA»fy tw a puyfon-cylinder -ffom o~ ^r\oum 

im+iftl uotuvwf 4o *. V-»acuv> An*! yoLuvne. Duvi'wg 44\e process } a. 
Sprmj e.*eris a. -forte- ow +ti£ piston -fWt Varies linearly from e- 
(c who n mHW value -k a Aho-C value ^ zero. 

Pimp *. DeWmtwe 4Ue mt-Vial aw.^ AW( prcssarefs e>f 4Ue air, a.wf fUe work, 

^c^gMAnn d &W6.I0 TaWV . 


A = 0.018 m* 


V t = 0.003 m 3 
\4=0.0O2 m 3 



«l: 

Spring lorcc vanes linearly from V00 hi when 
l/ s = 0.003 m 3 ro zero when V \ = 0 00Z ft? 


Ck>c& 


JC>:- ivic pi l : CO 7*i£ air « a closed sysfovi.(2) Tte process occurs s/ouu'm, so 
»ere is no o-cceicra-fLov. 4ia pj'sfov* .(3J -fliere is Ho -fri'ck’oiA lawful eeu ft* 
iifon ctvxl fUe ccjtiMdtr (uall.CH) 7 W spring -force varies lineart^ u/itfy v 

&aIAIY^/. The UAvViat and -ftUoi pressures of f^e. air are de-feAHunM Aorvi 
fvee-leod-y dia^rtMM. 0 f fU {pieWjas foltoios. TUcufi-s, zz r - O^c, 


rUz 

rt<^ luiIm vaaine, 

a. 



Xwi4ia.l(tj ; t-?0r,U. j - ?CO 

= too k & + «££i2 

Pi#*-*! 21 )! to^ jO/|rv\ : 

^pr/^ = O =^f> z -IOO kf<z^ 


lk?Z 


=-/SOkP^ 


?, 


A/om, fha work is dekrHime^ u.stnj 6g.,?.n, to/ *jT pdV ) 'out 'from above 

p= £*zii 

jpi J^™li 

5 mce -bke. spring force varies {meerUj from ^?oofJ fo aero 05 velum* <rocs 

dVirm V, = 0 .£>o 3 wi * -+0 0.002 hi* J 

0.002^ ^657T5 ? 

W *-l/U + -( h 




“J [ l P<5 + SooooV- \yb~\ J,\J = ^E®g££.jy 


0 .Ocz 


© 


- - O.izs kPc,-Wi^ 



J 11.T | 

l WPa. 

to 3 NJ • w{ 


V, = 0.0o3 i« 3 
= -0.12-5 k ^ _ 


W 


/» 1 J Ai - ,j 7 ,-aicrit otv fw Oi-r as ■ 

C00IS, PnSOj •ru.tt, flTrKosp«ere &mA fka. sorika dn OtsOrk. cn&_ fUc. oTstcrn . 


air 
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PEOPLEM 2-3 2- 
k njo^N ; A>r 

p j kj D * 

SCkfSfVlA'nC * GtfGfc 


P 

(k Pa) 


Fig. P2.32 


<^SJe^4/M v,«da^ 0( >j +-* D |a-o Wta<3 ,'* sender. 

^ ^ hi < t" O 1 ^ k. ^ 

a EOGg- fvioDGL: 

| t "Xk^ Qk. »r w .-H^i n ’iH*** p*i Ivvn * ^ ^ S"^ ^ 

«) iUj ^loietl 

2. XKi K^-s+ep p-V reUhv** 'L**'* ^ 
f?an<Si l4j 5p« ^‘^cc!- 


A^3 AL-Ttfl v 5 * v^3 <!v ^^jl. c_X^*v\rt^ fk-Hw 

i^vuode y (~^. 2*t? **XpU £?£ , £w **** rt 

; n |c^r*,l ca.^\ h^ €^/waW ^to*w c 1 ^ 7 

If* X^-tL ’H AJ k. 

|pwsjL*G A^aCJ 



^ On 1 ) 


W- J pdv = RtveCX-X)^ PaCVV-^3 = (j-^) ‘X) ^ S-Nr^) : 

rf^' y» + 1 oo jf K ?^[ 0 . o tv - o. oi o] v^ _*. Cf>n>^ A-X 0 0 ? e » - o-o+y) ^J ‘n^x'll^M*4 
- t •^C*-' 3 - S.feZJflc^ -d-— 


© 


© 
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Problem 2 .33 

hTMOuvftJ < jax *a_ - t*j/^dKn ajj u^dtfrjo^I 


LvC Se fL>S. 

5Mck^ ^en'es p^Vd^gr^ cm*J k -+U u**r it'f/r e* clt 

^Sc-kl K“C- ^ 1" Ufw ' 


T“"c6 ^ 

\X _- J 


Process 1 - 2 : Expansion from /? a = 5 bar, V ] = 0.2 nr’ to 
V 2 - 1 m\ during which the pressure-volume relationship is 
p t ,r = ccaum/if. 

Process £-3: Constant-volume heating from state 2 to state 
3 + where p ;i = 5 bar. 

Process 3-i: Constant-pressure compression to the initial 
state. 

EtebP- f^-OOeL' 



\> The ^es-jL^V^-^-toSc^ 2 - v ** ufl 

2. _ te. p-'t_oc u t££r S ^ ^peti^e d . 

Ah i£L-T£t? : ckintje. Ej.2 ./? ^*’e J- 

- r\dV - P ^-dV s- C&**Yi- = fiV^Yi- 
'V S V VT V 


RrfrCjtga ^ Z : Wil 


l^Wtnl'3 : TKa p.tfon dcej 

fWrvi' 



1 y - 

y >w_ 


| 

( 


1 Ikar^l 

1 



/ . 3 I lc f Vf**- I1 *J£l ) 

= Sb«-(*.1-I--W| T^lb^f 

■=. - 4-oo 
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PKoffLCM 3-34- 

KMOip/M .' All T (tfiikti a. p.j j»« - C «j J. * a'tr o«<eL»»-j 0C j +-VUO. procArj-^ in Sert'CS . 

5tchcKpr^ceji*/ i^> Scr«>j p-Vc<wrdi«qffj, e/a)u*.te Ms(»t»c. 

^ ’2-; a*<4 IV C*itK P^Otflrx, 

SCKt/MATId. T <£'!/? I>A7V9 


Process 1-2: Compression at constant pressure from 
Pi ** 10 lb(7in 2 , E, = 4 IV to state 2. 

Process 2 - 3 ; Constant-volume healing to state 3, where 
p% = 50 Ibf/irr, 

Process 3 - 1 : Expansion to the initial state* during which the 
pressure-volume relationship is pV — ccrufo/tr. 

fVtoD^L : 



I Ai'r || 

-*■ 


3 


| . TViC air d +k^ tUsfd 4ysk»i 2* £*tk *£ I - * 1 -* %-*±a. p*oC£ j k> rp^<^ p'ed . 3 V* I****. 

C*VdW, t4JOr tn d 

Am AiTStS l vr/***t cKctrtje u* +* ^ c** 

X 

flr>C*SC i'2-t Wji“f p d V - P ' Vot^rt^ C Vi *d viced* d + 

' X 

Ns-h -+ ,, *»+ v» * ^ £*a R 1 V: ^ 5 ■V3 v 3 <B/s Pl a S^p•+- 

TV.cii-J . Tk- P .^~ J.« ( V*c**a*«1 ) . Thai, VV 23 =- O. 

X 


w 3 ,= Ip 5 * 7 ' * j ^ d7 s c )- p,Vl **(■'$) 

** - 0 ° *£)( **') ^ (I $i)l rfi ll$N*I 

= -*-11.32 BK4— 
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PROBLEM £.35“* 

t <fOQuuAJ * Opeythnj is pro v, <h cd -jW' a* Wit" S Av\de P 

ft KJ Q ; +t^i puwer *vT >^W Hf d bg. +^-* fc?Wfc ^ ^ <X^d 

U» or It i‘ n one, »Wk Ak4f w f- £ a ft <iv *\ cj . 

5CHE.MAHC c C<l/tfJ D^T/*!: 


£wg£- mooec 


frltS^; , 
I sto W 

|4o^iH*y4^iir<c 
(M£ande r - 

•ribf 



/vg. ^ 2.35 


C»*{fi ti« n+ “f 

¥f.‘tt*ov. m 0 -2. 


(b) x^, o.ie *~>‘*'‘* ■{ '«•»-* <^«- 

rvv'fW^ tuurf<vtt v fcfl 

w - (? ■°‘*‘5fr}| ^K ,w ") 

z 5- 7^ S+^ - 


I* TpK* |t>nct Ofr fi.r'Md b-C / t 03 

r*c£*.ie cl ti+Ut *■**—! ft>^cc J fV, 
tk# of fr i H ^t> «ri ■ 

=cuF * 


A 30 S * 4»)i^ s t Vi ^ * 2. i 3 / H*-* p 0 r^» ^ V/j 

^t*st n a. H^d i<j 

w a F- V" = o lF w r 

w « 0 -t. C«rWX‘ s# o£)|-£*'llw@ : W 
* aoU®Wi -*■- 

l kf> 


vj=- o-o^tfe $ir*| £S7 bkK 

t= 0 . 
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PROBLEM Z.3b 


KMOVJ Ni: The rotaf Lort(d spe&st av\d didweier c£ a. drive sUaii rt) utl&j 
(Xm known. The -net- -force applied by fke heft on ik& (pulley Ealso yii/en. 

Fi N'T) - . Defermme ike <xppl \ed jerque a.nd -the poujar 4m#tsmiffed. 


5(b46MATlC I 6iyg j J m-TA : 



( Belt Wisibn 
-forces 

Fj. ^ 



R-T/2 

I> = <9.3 no 
3oo RPM 


- F - F ( - ^.ooo ^ 


( Klfif Mugenhaf ^orte <Aie 
-|o bolt -pension) 


/foJ/UW5i6 : The hoa^eis. calcalatect ust'ng -fhe -tanaGnhW -force <xwM 
•ike. radius odr wUixk uf ac+s 


d * Fj/R. 


m. *3 

- (looo n)( \v>^) ■=. 3<DO ^J- 


rv% 


T\vus i uui+k E^. 2.10 +ke (pouter +rauvsvHitte<A U 
^skaR " ^ ,L ° 

- (500^(300 ^ r iV ,Mm 
= ^42 kw<___ 


bos 


l T 


I W * 


1 kU 




W 
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PeoBcfM 2. 3 ? 

KK>Ou»M : Opera4i'«ij dec+e^ are g.Ve.W- -for* * lo *V bafk f j f>ro*<Lir\y turi«nt fc<— 

4he. ; w* a^d +1*^. ai*** w ^+ ^4 '|r^>ir ^ ui 


SCfTXMATtc , S«ue*J DATA: 


\o-\r 


u 


awauttii: 

fer.sWe = 


IO vof+S I i®** 1 " 




CtxffC *t 

“ Zo oKk-. 


± ysit l*+f* 


A- ~ 0. £ ck ►> 


W.Hx appl.W to t^» to<*.rtf''3 / u.U«-ck to 

^.‘ w n.f .,..., . li^'-l 


w — tv<?iw^curre,i-) ^-(i.ovoit)lo-?«^) : 

° = S Wart- 


The*, -f*. 30 *vW.w-*m *f ope^btf^, 

W - 


1 <> 0€ 1 

\ i J kl 

l-i^l 

i I 

1 i V.rt 1 

1 10 J J 1 
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PROBLEM 2.38 


k^ocuM : Art electric s4 oraae. b attery is cka,rye<A w >'rH\ a. ccmsjc-xi. ojcwcmI {or 
a. IcAOwh len^+U of *fu m«. 

FiMtr. DeWmme +ke Cosh e£ Gj-eMYtci^ +o cUarje fke 1o*-ttar*f. 
ScMzMmc j 6W&n t>>VTA -. 


■ —-iEF f 



12. V0l+ 

% amp 
Ai-2^ k 

e\ecbr\c\bj cosf - &O.08/ kw-U 


Eufeft- rvxcpEL : vobtLge a.y\<A ca.nreiA.+ qjq, constant. 

4aj*LVS 1^ ’. ike elecfrit youw ts. ob-kuwe <4 tusm^ S^. 2.2.1 

IwU £ z 


Sikce fke. auut Cavirert-f coyiifaut j fke. eletjv'clk^ used u* zM h is 

w|= fWat =-|w|At - £.cAt 


- f % am 


f V 


-Vd+)|^^ 


(2U) 


IkW 


10 3 Watt 


- 0.5-74. kW-k 

Tke c<p$+ is 

cosf * (0.574. Uw-U) r^O-08/u.W-U) * 4.05^ 


elet+ric 

coif 
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PKoeurM 3.3<? 

K KS&ly Aj ■ A U*rtfC_ Vv** W Ca. H.*| t'j S'Ec'tcVtd ^ m ctn. ^ p / * t J ^ „ 

p f A* D : Ob+«*./n a-A 4 **-* ^ ® <- It d-uHC tfK uw^C d#\d e^atua 1 ^ 

y’vf ^ v<f"o^ d.*4-* 


-H— ^ w fc 41*“ 
^iveM'D^ rx}; 


EM*R. rv^opEL: 


I 


-'Wire 

.—-Cross-section 
aiua = A 
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2. TV W ^ O^e eack C.anS+O'+t uj 4* 

AKJAL^r^lS; 


Cks^iAA; 
Ut *2kri. 


\\ ^ -i 5 *kW 


l)atkn‘y^y. W 5 -+ 

2^UkrS, q - -o.S"kw 


) 




i£ * Q ~w 

cU 


-I.-Tk.W -G-iyi^w) 3 vl'i^W -*- 


dE _ q-W 

<i^ ,_ w u-5.ynW^ 

~ - o-S't^w — (S>wj 


(C) Tk> c^w^t W f“)5 ** vv, fv,e.-j*j ^ 4^. cU^.»] (ekiK Wj 

«- /g« *w*v*«h)l¥&|l3r| = = 


Ik, Wi ^ sK ^ ^ ^'scW^inj ^ 


dJC 


So^k^i upv' 


.1 i^/s 1 

1 34 oc| - 2 . 37 -t JoVk-J 

' 1 1 KV 1 

| ih i 




3.4St fcio^fc-J <£- 
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P/?06L£P\ 2. Co3 


KMOUJlJ : A of kiiewn rvj«Js expands i'n a. ‘pfsfvn-cylinder frc**i a. jpecff/ecf 
mrHa/ S-ftcf* -fo *- knouJYi pressure, TUe pressure - volume -for fke 

process is gu/c-n. Al^o y fke jpec'fAc m/evnoV cUuKje. is icnoi^n. 

PIMP *. DefeknvjiVie -fkie Vrecd- +ra«jfcr -for +ke proceed. 

SCHEMATIC^ 6-U/g/^ -pAr» : 


i-Vf 


m = O.iS kc 


ZEE 


fj = & V, = aoa ^I 3 

/? x = 2, kar 

fV , ' % = co nstnn-i- 
AVL - -S'S* kX/bj 


Mciit L :(i) Thedas ci a dosed susteto. Cz) kfuefica^u/ pofeyihd! enenyi/ 
effech are. meati$ibk. (31 TU& flr&ceZs ,‘s. pv'icLiwt (4)vtoU-«. 

C.V't-CVNj C lo "& ^ ^7 l3^o^K vv^-o^C., * 


The. h^cf~ _4rawyfcr* f©tu/u{ usa*<z a** enc^5«< Lurice . f^rst^ 

-fine! 4ke nJCrte using Ail?, as f& tU>u>s: U 

•V* - 


V/ - f pdV - f £g*lf; 

v r v, v'- 1 


<t\/ 


1*^3 5i**tp)if y l *ljj C S«e Z-I 4vr tJc 


w - A^ - - ft 1 '-. 

C 

Xkc. Vola.rvte af -fUe f-iaal s-foit (S V 2 

w- 




(2 bar)(0.0(rfS A 5 ) - (2H 0.0 3 .) 

| io 5 *J/m x | 

o-i.n 

1 ibar 1 

ho. s' kx 



\/ t = O.OkjIS" ►*■*. Tkus 

l kT 


Wouj / +o fl-et+ke. k&tf fmi/fsr ; hejiVi toiK-i fke Wa« 

i/^+yefiD* = <2-w 

Solving -ftTv" ($ nofiUcj -H^st AU ~ to Au. 

Q. - tor A a, + w 

= C O.Q?kgV-ffS* kT/frj) + ( lufkir) 

© =• 2.7S* ____________ 


(3 


/• hectf-fnaj/ij-fer /s posf+tVe ; derrof iVig enerj^ frans-fer bu hearf- 

i o AU& gas <x± ii -expa.nds. 
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Prague h 2-^4 

jlc /doct/Ai J . CoiA-iRi <j * r\ a Ci g i cf Uu^JU - *ri fu (a o/ C^iCf^ 


«* + +- Sprc'favd rop4-r frovw ex. p*.ddt< 


3 / 


Fy^O: jpeo'/Vc ^"b ‘finaJL -f-kr fne^jy 

Hy*k£-^ Coof - ^ ^ -f ^ ctwv^. uA Sp-rc*|Vt ^ r 3^y a "^ ^ 

Sc^imAtk <E Gnset^ T>/\TAi 


~\r - o t>vK 

l> w = - low, ^t-ih. 



wq = . 2 . k ^ 


g Nj&g- mopgi ? I- "T^« «■•- i 5 -fKj yy^-k*^> • Z- for-t-^ 3yj|-«w,, Q. * 0 

&k d 0 -^ul ,-v© uX fc.i,^-H'c. ^ner^y an^. pa4-tv\h'o-l ^ K * |r J l l’ 

/^Vjft LVi! *1 - Co - ) ^•«r« -f-U* rtrtAJJ Art <4 VOIUIAC <3L/«_ Cftfk 
,1 „ /»., . _ J. ^4^4^^ l Art <4 2- -f^-* Jaiaaj; 

'fUC, Spfl'CJ-flC AX 0-TB.T 

J x -\/ ( . TI«« 


M ~- V/**\ =. {p.<* ~?)/(3 kg) - 0,3 — 


Vlrt^ -3- 


vi 


(•») To -«v*.io*.4-< "\M, irt+^^KA't^. 

■Ik 


■^j-= j WcW = y c- iow) <w - (-10 w)(i k) | 


y. | •)!' 7 > 5 

3fcooi I 1 

A 1 1 w 

1 trt | 1 


c ■"*■ 3(o fevT 


w 


ft TU cu^ r X s f< 4^ viiR~~t -£^r^ ^ ^ ' <H ' r5 ‘ r 

4^ + ^e + ^xr^af-W **> v*^u=-Xv 




o>r 


U^-Ul " 


Mm) 


kvv 


- (~3(a kJ) 

3. k 3 


kl 

-IS 7 - *- 

k3 
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Problem 2.fc5~ 


ft ^ f A + 0 . 1 * t. A 


pr^Vi^rA -ppv Uc I/u c w 
w*tK eA<r c 4w r<r r 4 1 "KviC-r 


^ c/Of<rc^ 


F^iP ' P (© + -+u e cKa v\ g c * n e ^ev^gg o-f +^ ^'utu ^ ^ “£> q 

^1r\ ci Ce tv\ 1 M c H tr- 


££Mrtv\ ATtc £ £> 1 >atH ■ 



MopCL. 

1 “TKn ,'r +-(*4 ry y /f u, 

2 - for t^-* ^ -T 4* i*% j ^V <5 * 


AtJALT S| S- A I* &L\e/-y y r* fc I^a. («*iC^ rcA.^^ 

As +s- .-.a.v«t Whs " r (*- r«.shr .A-- ■Utu"* 1 kW ’"' J 

Iviet Cner^ b j h«a konc/v- +° <> ? r«**vu«*<Lo 3 . a-f -H~* r*+t *f StW, 

Q - [1000 - ft 3 W 




<2* A 



^ £ r fOOD“5t 


at 

z^£ 


= jgdt= Jo®~-stOJ* 

0 0 

_j L-i r I d 

= c—t-^3 w —-1 


W • '"'•I 


X^fs w . 

)v^n 


tot - O.irt^J K J 



AE- EtfcVElo) - EW-1_E 0 


o 

© 

o 

-) 


C-^JCD *-Wn , 

ttt ts O V ■ 

i 400 ^n. £■** d* * 


4o .'t^r 

. f £ Jt 


. e-*-w _<**"«■*•* to- 

v&JUii ; £&. 

, sL.j S-.nce »"•-! arb."k»'-J wtue C 0 

»•* ^ e ^ «£ ^,r }s i+«~ 

ba Mti g nea ^ ^ 

a.t 4-=0 ) •« p^rf.-‘-J^'-^*J , Hj' £ *-‘ lCJ “ 

U * tW b*<i +u +**-* v «^~* 't tK ^^PV 

^t-L «tW 
O.lo ^ ,kj> 

Kaui ^ ^ ^ 
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PRO&LeM X.lei, 


kMDUlAj : A knouin mats of sfeann undergoes a. poly tropic process iu a. 
piston-cylinder assemb/y. T/>e Wtiaf oM states and! Hie heat 
transfer are specified. 

• Dute-rmihe -fie uwrk <ud f^e final specif ic volume. 



i ^ /. % iy 

T 7 \ 



i- 1 — i 




State I.: fi - SOO I Win* vr - A 70/ 

14, 3i>3.3 8tuStk> 

State. 2 ,; U 2 = 5,6 6/tt/Zt 

Q s -542.^ 0Ax. 


pV - Conifewf 

- e»c.»’' c,d£l . . (i) ihe $jtam is adoseMsgsH-m.(Z) Kinetic, avid, po-tentta.1 
energy effects are. ney!ig)bte(_3) The. process is polyfropJc LMfl* h. -z. 

■ To Meter mtne-f be ioor\c J be^iu uu+U the energy balance 

A/kt^kf £s\J =Q-W 

WvH AV - to ad. solvt'ny far W 

W - Q - vyicu^-u,,) 

= BhA.) - (I.zlb)(^e. 58-13^3, 3)0Wit 


= /04.4 S+tc^- 


W 


A (/z, 

W - J pdV 

V, ‘ 

r v * 

' * 


3 - m (r.Trp) 

Vjg 4ar J /tJ"x. 


1 1 

w 

v~ ^ 

yvi 'ir ^ 


,-oi. 


V, -V 


OoY.V 6-fu) 

77&4Hb 

i tt z 

Cl.Z lb)C500 ll*f/iVi(U0/ft 3 /|k} a ’ 

l 6iu. 

IW in 1 


- o.zb$o 

TWs i 

5) ^7. ~ o.ztio ~ 3-So2 f+ 3 / (L, 




/, Tke increase tn volume is tovtsisf-eK.-f- uiitUffu pcstfiye sign -& 7 T 
denoftiA^ energy tmacferQuh of the sgste-m by ajork. 
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FRO&LEM Z.&7 


KA/PhJAJ : A knoiOr\ rnxsS of gas undergoes ex polyb'opic proosts befvOcen 
jioo Specified sfafe s.Ttie melcLtionoUip bej-ioeen pressure J wlitme^ and 
tUftmal energy is bnou>n -for 

fiAJ£J- Dei e>r->vi me fhe. heat -hamster. 


3 ammc £ fritted VATA l 

mop cl : 0; Tiieqas is a 
Closed system. ( 2 ) kiyefic. And 
potert+w enerq^j effects are 
'YUglijjiWc. (^JThe prbte^s. i$ 
'poiykopic unfk VA s t.3 . 



fi-LO IbitiiA, IT, - b.ofr'/fb 

fzr 1 - 3 ^ Constant 
for Me 

a, - (o.ZbSi) p m—9S.H3G 
(cohere ir is in -ft 3 /la ^ p /j 
iw Ibf/iVi* end u. is in 


M/'4lV5i£: The Ueat -fnznsfer «■« defenrnVicd'fro/M an energy balance. 

Ft fsfj d&t&rm me the uoork. beginning wiM B^.Z-i'l (i«. <=■*.*.-,»<* zi f-dcUJsJ 

v. A, V '- 3 V- 1 — 1.3 ) L /-/.3 J 


EvQ.Ut4.-f l 


13 





A 



/3^7 M 3 /fb 


Tkus 


W =(lolb) 


(20 13.17 ^/lA-CfeoHfc.o) 

IHH *V 

l 6 -Ka. 

J 

1 ^ 

. 778f+-itf 


= W.3 Bfu. 

fJotJ. toK-hVig -Hie energy bctlawce 
A ice + AU ' 6}- W 

/Jof*vi^ "Hvetf AU ~ vviCa.i-U,) and Sofymj f&r' Q 

Q a wi 

A l 11 Fa 4- \ isi /I (iA. U ^ 
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FROG LEM 2-^S 


KftjQUjivj : A k.n,ou rt Quantity of air under^aes a. P recess im a vertical 
pisf&ri-cy trader aSSembia. The ini Fiat and final volumes, are^tren t ami 
~fkC Ckd*\^c i'A specefve. i,vvVeT -energy l*» sptCl 

Ft Nb •. Determ i ik e Tke h H- r-a >'* s£ e»-. 


£kj£k- 1 'iicPi L: (i) The Q_\ r l s a. closed 
System. (&) Ktbeh'c and potential 
energy etf&Js are mea/igib/e -for 
tk£ air- (3) 7 here is ho -priej-ton 
between, the piston and. ike cylinder K 
ua.ll. (Hi The. -process occurs siotd/y a 
Urtk ho acce(er(X.fabt\ of pisjvw- ■*- 
CS) fixe acceleration of yrav'iht is -2(cO k.7/ (<.3 

ccnsFxXhty cj - 9.&J wi/s* 




/MA-LVUti : F°r FU&, pistonj £.F K -0, Tkus^f p is tke pressure enerteA by 

~fke CtW* ea.cH s+a.te * p +!*-« peoCASs^ uj s ^ t 

| Patm^pisj- ~ PatyJ^piif * M p!tr $ 

Mpiif *1 

-{_--—J P ~ Pihvi *" 7 


C-SD%)f?.8/i*l/S l ) | i JfePo. 


fp.Oi W 2 -} I ;o 3 A//f>i 4 


1 1 p V* . , 00 left, * _ 

ny irt <j 0>.oi w*) 1 ^-m|s to 2 N{f>v 

= /^.5S kPc^ 

To fiUd fiie work fcr-fke process^ use £s.2./7. A/of <3 that the pressure, 
is ccnr.staaf 

f V * 

Vv = J pds} — pc \^-l/,) 

f v> a 1 o^nj/ku 2 - j ktr 

- (m.05 Mfe)( 0 -oo* -£>.oos)m 3 —7 775777 


i kfl\ | I0 J A/-jm 


“ - 0 ,MH 7 ^ J 

r? 

tbu). jkt energy balance, reduces 4o 6jtkFnpB -+*£ IX -Q~vJ. T^us j LoipU 


A U= 


(X - ^ Uir &u. -P\jJ - (0.oos kg)(-7,(ool~] +. (~0.W kT) 


a - - i.ihi <a 
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P[totfl_EK/l Q-C,^ 

ltfwsws_: prodded C O t 3 aj c*wv*Wn f rf ^ « yeufei- ey"* d«- 

~^' COj. cftte/^ t-^ ^sturc a „d h-*e«f^ 

T CHtM^TtCt 611 /Sn £1 ^ 7-4 .■ --- - 


iMfcft. 


*V'5i. - 50 K.^ ; 

f 


CO - 

1 


1 

t 

1 

A 


-Afpit* O -Ol VH 1 " 

Q, = - l-^Slt? 


■v; : 0 QT> V A - a, OOJf*, J 

(ai - 4-stjJ Ux’ ? 

*■5 


£ M & ^ - MOQ^ ; 

J. Ta f*-# cJL&^d vysfci** . 

1 ^ IllS/inj £j O i/ rt Ujl#' j-j fkfl JVt ty U5^(t V*tfld(f 

3 , ec cur*j 1 +^ei ,, P ui 

filCC4l4^fL^ *£ + ^ * rj M^ 

Vds^m.^ o-f c| rCfv*-i‘^i Ce‘n.$fft*i , t . 

*V'<-K‘#vn Ip-eA-t^tem t*K* 
c#.h. w t ^ vm3 . 

S, R» * ^ y AfcL-O u 4Pt 

caa ^ r^ lApfcj- 


K 3 J 

4 KJ/Vu T^l 5 Si4^4^ t+JUj ^ f- * c h fn-y C4W f^-4 fJfsr^H, ^4 ^+M. e e^erfW ^ ***■ 

C t5 ^ m -tw* c 'jL* ^ d.^ r~ Qv^ ^ * hj-Of'H " f +" 1 ** jtf i f Hr^. ,'* -£^ u *- 1 t* +*^-» ^ ft * i^U< 

t^-c C M4 V (4^ ^ ^ -Kw* ^ fl f -K« f^.^; 

| StuA^tj PljhmtA-iigW pAf.,t •*■ -)■ 

[ 1* ~«'3 f 

f>- &k+ 

Afist 

JfcPe. + ^£3XliHs lJ 1 ‘ ^ 

0 OJ ***- 


T 


p A^st 


- loo I 


- IlfcS'lfJ 4 . 

- 1 AV tftj -L^— I, V-V^ V bar 
I j &*■*-&* | 

C 10 ) iUj Werfc t4.v^lo^ J>‘AJ (H ^ ■ 2 A 17 , Si ^C4 “+^4 J>-U J fU 

A: ^ ^ nj c tvvi +■* *. fc 

; - M .-^| ^ociT-^carJ *■ 


l Etc 
Ld^h 


VsT - -> l-^Hl b,r 

0.31-3 K J 

A ^ ^ vAfcir pv- 


3 j l4 -' 3 
I lo^W* H 


re t.d f 


^.■CT-d- - <3?-XV" 

^’U'- — |.q?K J — £-0.37?tjJ = .|.^^ t ^ 
Tvainj^.m -&XJ'a ^^W^-4.) 




ATJ" 


^ , 


- "i -m^J fcs? tJ 

^■/f OO®) 1^3 

2G,i.2-£i 


Uj. 
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Problem 2-1-0 


elcclr^ fciVsfor- -frAHS^erx cntf-j'j 4t» ^ eon"l»-t'n^ ^ 

^ ver+C^-C* p if h>*i - fi*i (md^f" 

Dc+ei-*w’ii t -Ht f c Ka *\^ ^ /n ^ i ^ ^<4 I 




)( £ ‘iftriJY ot Ht ^ai 


SCH TMATtC «£fcfl?£AJ DATA : 



, 1 


pifi*D<% ijM = IOQO lb^ 


Welf* - - £T e4u -* 


EM^R. MQPE L: J. "TK* ^ ItWjl p,s-h?^, piuc *tM ^ar. 2. fir t*-* 

^7T- Q, ^l^E-O , fir *f*- J ** > i^IPE -0 t AKt-0 * J- -ffc- *y ■+****, Q-O, 

+. fv.‘cKP« **-«* e-jlHMbr ‘ * "•* d * 1 r) " rKe "~ Sf *f 

+Ujt OecWit-tJ fffitior fx * So — o lor*. 

>tuAL»TJfE \ An enerj^j h»A«L*t« ^yt+fcvt^ AJfc*^<i 

^i^£+ f(jaP£) p toh„ -rC^S)j« J 4 + (^v) 4 (fy&)frtOhrJ 

- 0-\KT 

&peW- + CA-u^ -= -Aw 


or 


R*r +w pie+Dirt 


(j&PE. )pi^b^ ? v*\ £ Z^-Zj 

Fbr S'-jsfcrt^ coHftsK rt ^ 'I -ff^eUj — rtfl*</bpij-tert cvi 4) 3 

V\Ut ujfirtc ^ t-U lV ^ <-#wl Hj a^A, d#\^ ^Ort<_ cs^f’ 

■+u* -bap (j-^ pixHn ul dAspU c*'nj> rtcrr*i/rt<UAj , 

"VSTi Wel*t+ 4- J^CBi*. A(<Stort)Jl Av - VJfelect -4 (?**« Ap*fepJ(z 1 -'Z 1 ) 

*i 

ColUe-Hh.^ M-Fw-A* « 

U.-1.1 + - &»-V»X*.^u 

rv, u4 (au) )M = -w«a«.'f 0 .i^Ap,»t.^('i I ,-'i,)-' /v 'a iv^O 


=.-(-ssw)-(w.it‘x^-')^j 
= 1.98 S+u. •*- 


ISS*. |_(iooolk-\Ca< 4 S i®± 2 _ 

_AU_ 
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PRO&L£f“l 3.71 

fcMowfJ; fa. la. ^dLe e-S ^ iv.e r*^ooLyin_a<^*(c. tyde- co^Usl-i’■“g °+ 

£c>u.r- procesS^i v^ber^eS. 

tr < Mp‘, Co^i^UVc- tViL-kdAt of- e^L^y v/'ft.tvA.fiS pro vlde.d Ccrtke Cycle. O.'^A 
ctt.Va i*™vL-v t^KtUvcr W.t cycle. is gl ^&<jgtr cyt U cr ft re c y c k-. 

S,cUgnA-rt<- <- frU/gM Q^T A- 1 , 



Process AC/ 

AKE 

APE 

A E 

s 

w 



1—2 72 

-5 

-6 

4 

0 




2-3 64 

0 

C 

e 

90 

k 



3-1 -97 

b 

0 

£ 


92 



4-1 a. 

0 

3 

3 

4 

yc 

0 

A-wAtYiiS: f 

or a oycU, Vm 


rdf tW 

v*\ 

e ry 1 

is 






OU 

l(6uWo; + 

11 v o- 

- o 


Ok. - 

b. 

-s+■ 

O 4-1 

t> 4" O ■ 

- o 

=^> 

b - 

c. 

£_ (aP5>0; -(* + 

■ C. 4- 

4- 

o 

- o 


C = 

A £ 

* AU 

4-flKf fAPF ‘ 


to L 



d. 

d - 

13. -S -U 


4 - 



e. 

e, - 

4-0 4-C 

= > 

e. - 

b7 



U 

f - 

-47 +-UO 


f- 




4. 

4 - 

O- 4- O -t- 3 


*a = 





- a ■ 

- W ‘. 







£ - 

4a ^ 


^ O 





-M 


y-. 

A. 

k. 


d r O - ^ =?> j - “Ce L 

o-4o-k =?> k * 2.3 


For ’H/V*. Ov/er».U ^ ^Cyclt- " ^ tyclt- 

UO^ Lt ~ -fel + via 4-0 =- S4 T UtUs kt ftUt 

r c_o_lt va. UxA , 4rlsO; 

Qt^Oe. - 0+40 +0 ~3to - ^4 ^ £{a6>=0 

L^cydc ^ °, EWe. cyc.Lt L$ a. p c>mt r cycle_. 


S. 


ACt 
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PR.0 FLEM 272 


Kfc > . OU4N7 A o^c/cr-joej- &. jnaujf<r c^c/«. Cc«fi\r7vij o/- jtu..- p^ee^-SCX 

tVi stn'ej 

£ ,/v O '. Ct;kvi|i (etc IKj V a. k> i e. of e«e^ lj vtlnf: ^br<3v' ( de <J 7 C. >y c/e^ 

«} €• ValuafC 7^ + 

ScHCMrtTiCV liiveNJ DHTA- 
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PROBLEM 3 .M 
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lyt = 2. lb 
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^ T-too^F Simper 

TaMc A-JL4 : V-0.5J4 #*/!b 
V=r*xr =(z it^O.siM 

= i.Oig ft 3 *_y 

tb) X = 0.fe 3 > ftoo-oVio.se Ufftuot- \rtooc mixture 
Table >4 -3£ : * 0.oxi$<t -fir s /<b 

= 0.44fc ft'/llo 

U - Vf + X ( ITj- ’lTf) ~ 0.3*1 2 

V = & lt)(0.3fe|2 fi- 3 //i.^ 

- 0.T22H -f+i_ 

(c) T '2oo e F »> aubcoolecf fecnipresse^)!^ «.*u{ 
Table A-5E : tr = o. OlbSSO 4^/lL 

V = j 10« ott> 3 Sti) — O.C&3 *• v ^_ )l 
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PRD6l£M 3.1^ 



V-2# 3 
>v\ - S tlo 

/w'‘*- 4 ,M/,U * 

T- 7 


Fi/i4 ^e4c-rAnV»e -the. &losc lute, 
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f Ta/t*\ 

--7/3*1 + IH.*/ = 85,7*1 llof/ <‘fc* 

A Iouj } I/* V/m = (2 **)/£ lb ) 

= D.H fl 3 /lb 

FrO»vi T<*lote 4-loE <*f P « S S.7 4 ? _ 
in < tr^ Vg futo-pha/e liauid.- 
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PRQ&L GM 2>A6 



Hi = 3. kg 

V - 0.03" r« 

o 3 g* 3 
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4-i<*d lUe. specif ic'Vz>lu-tn<t 

^- = V _ 0-°SW n ft 3/ . 

m * ' °* 02S ' M % 
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X= . Q.0^-Q.^bx f o- 3 
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PRoBuEfA 3 . >? 


< a > HvO ; T-=Zo»c , \r=t t „'/tj 

— ^ Ve - A -Z : ' 1,0018 ko" 3 „.Vkj / ur i S7. iq| „Vbg 

x _ -^~~ _ 2.0 - /■ oo(& X to'^ 

^ * Xf ' 'PPni -i.oots ( zt <-<®* /o )<=—- 

tt^Pr*p*Ac; p^is.oobcxr, ^ = a.oaqqi *«*/k 3 

TaUe, A - 17 ; u^-0. O^qq-J 

■=9 x -1 cioo y 0 )<. 


CO ReX vv <«-; T = 0 >o°c , sr = 0.001 ~Vk 3 

—-- A ' 10 '’ v ^"°-^88 vlo'V/tj U-.-O.OUM - A, 

„ _ o.ooi - O.qqs-x ■< in -3 3 J 

O.OIIH - 0 .<W 8 ?x(o' :s = °.Ocm<\ (O.M^%)«=-- 


(d\A — iMpo, = to bcM- / vj-- o.i ~, 3 / k 3 

To.bk A-iq : vr^ - i.(, s w * (o^/kij / vr. =. 0. las^ ~>'/ke 


X - vr ~ ^ - O. > - I.USftS X in 

• V vx + 


vr -' vx ' o. 12.es - i.ose-M x vo -3 
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TU.G'BL'trM 3-1 r 


(.&) [\ x O • p - 14. lb f VJ*- AS -(A* /U> 

Tcxtl^ A-ie* i -o.oiuna ^//t , ^ ^sug'O^+V^ 
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vr 9 ' vr {- 1U.30 -o.OiCH 
^ (x^ €- } T~~?o°F 


^ -0.<iy$ (<*3A%) 


VJ- _ O. Oa<oS i ^ /li> 


Ct>^ P CO IA" y V ~ O'" V J 

Table A-i^- vr- - 0. OaCpSt Tt^/fL 


<>aWroA«.c( Uc^u^ol =s> X-0 (,0 %) 


4 d ) Ret r^tra4 11, <4 a* j P - So tfc^/ivA f ^-O.S4VYU> 

Ttxble A-Uf : O.DuSA C+Vlb y ^-OAHUA tf/N> 

v - ^ ~ ~ v ~3- _ OS - O, o uSa . _ a . v 

sr q"* J t o.'iHia -o.oata - 0. (S^.H / a j <■ 1 

(.d^ A», ; X --H0 “ F , vj- - 3_o TT / It 


Xft-blc A-^fc[_: ^-.o.owuavili/ Vg = A4.8(,ixUVll> 
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Vr- vj^ _ 2.0 - 0.0z3^1- 


~ 2H, -O.O'i.’iT.'L. 
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PROBLEM 3 . 19 

V, -V L = 1.0 # 3 //l> 

Iflfek A-I3f: ^=0.01419 ^ 3 /li t TT^%[[00 trVii 
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PROBLEM 3.00 



&*i.\rAj*r t HA tj 

P= ISO bar 

V - 0,1 to 3 




for tUe.'kv 0’j>kf£ li^u.Lc/-v p *^y- 

tviUbi.it iM specific Wint 

y.-X- 

top too^ 
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PROBLEM 3.2/ 


NqojM . A c [ ose Co*\ r\ k^/d s cL -f/e r^n t VcJ^^VL^r 
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PRD6L5M 3 ." 2 - 2 - 



"Tlvs. Vh V*-^ 

\N,tw tJie deUn'&ta*\ of 

TVe 4©kU wvs-js vm is 

w\= >« + 4 -yvi^ - o.s +■ a = a.s ib 

US\k<j 3Uuk from ~[^bifc A-Z£ a+ 3oo °R 
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= S.UH -ff*/iU 
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PRO 8U=M 3-23 


^ vv\ * ■A- 
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Ai ^ s uJu T- w u; -U^-pu^L 

Xj‘*J v».d - \/t^jov a*a?Vvi oct 2fc*.r, Tfcfatc A-I*i ^ v ^® *1^= “l?-So°C-**-- 

Tv^/. / U>:^ ^,= 0.134^ T^b^e-A-13 ~*vd 

r °-334-C‘ ^'Aj ) _ o S4| 

o-***t>-0■»*/'**-) 

Vj. and \/^ A' ^ Z-b^r 


*2. 
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PROBLEM 3.Z4- 


KNOtOM ; A fwo-fhase liquid- va.pcf’ ivmfwre Of wafer, in Hi a lief at a. $v/c\a pressure 
Ard quality, i* heated i* a. closest riot'd iau-ic- saturated 

wafer '/(ifor remains. TVe. <a>Iu.v V v «„ \«> U,v%»w>a. 

l)ekc'Crf\\v\e. +he **&*& o4-+ve. wj&A-e t- l.y> VKt-V-a-'^k, -Wv*- £v«oxl prepare. 


-5c»f£MATi£- £ CAV£*J T14-T4 : 



V -Oa wf 
fj = ff fc*r 

X, - C-5 
x L = 1.0 



cwGS.mocig l; CO the w&ier' is a closed SyS'be./n.CZ) Tt\e. volct.nte <x*\ck ^asi 

iX c. c\ *\4-< 

Ati/ilHSlS '. Using daTx -frotn Table A-3 } fUe specific voLume i^s 


^=^,+ X,CVj r Vf t ) 

- l.<mWwo“ J + -(.0^2(0 Ati o- 3 ) 

“ 0 . 18*20 |(V\V 

TU\wi ( 

- -T : a "i ) . ^ i,ow t** 


(O.ISSO 

Btj aisum p4u>y\rClj av^L(z') J V,, - irj , Tku& 


w\ 


1 L*-@v, “ [O.'Tba.r 


B- 
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PRO CUM 3. 25" 


IflOQloio : A spec.i-fi<J Awouict of wafer i$ keatad i'ia ^.closeJ, ri^lJ 4*- i 'k- •fvorvi 
a. kwjum •iwi^iat -+0 CL Specif \ed -Pika l +<.iM.pera+ure. 

PnoD ; Deiev r rviiV\e ■Hie mas* of vc^or ii/\iHally pr^ievif pressure. 


6CMM&11C j £n/en pat~A ; 


! N a O 
1 m * 5 lU 


SHMe 1 1 T. - 2 foo°F J x t = o.<^ 
S-taAe2.: T*_- 3Zo°F 



£k> 6R. woperf (i) The u^afer /< +he c,Lose.d syif-em. C2.J Tt«e vo/u-»ne i$ amaAmT 

AMa-l^Si s 1 . "TW. \wYH<\l wv^<s of vaper tu +Va U -Cou-aJ us\ ng -fW. 

Urtotoin -k>+«.l vvia^s a-vcU -tk£ ^uudl-hj Xi ct4 •t'Ue. ini+Ul idutc. 

Wi^ v = X, m =(p.O(5-Ik) C 31b*-% 


lOou), s\i/ice -fKe. volume av\Jl 4©k>i vHtt&s c*V«. coru-U*.u.-t dUc/ma -H\e 
process , -tke Spec.if ic volumes cufsWcS l tt.KJ.-2 cwne. e.* muJ ; 'VT a _='ir 
Vtovvi TabVe A-2£ of- Zbo'F, v; = o.onoS -Pf 3 /it» cu«* ^tg,* ll-T7 f4*/lt. 
TUus 

V v , a V X/Vg-IT^) 

-o.onos + (o,fo"\(ii.n — o*oi" 7 oS"V = 7 .ot£>& f+ 3 //b 


NJou>_, from Table A-25. 0-V 3 20 "F, 'iTa = 4.^1^ 4+'/lb. 5iwce 'V?. > ^aQ 3zc°f= 

3-fafe Z is iia fUe superUeccteut vaj»f re^'etw- Tb-u-s, iltferpo lading i'ia 

TaWe A-H- a-f 32.0 -Cj-V/S 

f z ‘Z(s>H.Z3 llt>f_F* 
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PROBLEM 3-2-6 

jC A 5peci'^ L (d o-f u;A^tr 13 ci i^\ a C.Je;e^ f'g ffli 

4 <x*k f'owv cv -ho OL, prrfju,r£> 

P/A^r> ; •S'te+c-A + k_*. proo^-r o^ T^v* A^d. ^>-\/ ^‘^gr****^ . Z>e 

4^^ y'sifum* 4 A< ~/-A*\K <51 ^ »J 4^. <a^ 4"^ 7 ^ S~M.'t m f m 

5CH?W*TtC & £iis£*-> pt\ tj4 : 


&U C C 



A^o AL^^S: S 1 !^^ ^oJume and Tb4*J ts^m.S* <1 0^1 j -hfl m-f ci ixr* /vj 

4-i^ff ^ +^wj s ^ ^ t Vo( o ^ q <3r+ 54-^4^ s t j Z* <xir < © u- ^A ; 

v^ > ^ * H* fw^ T-UU. A-2- Ai- 15*0 °C 

v, - ^fOSfc*c) - i-o<?oir -*'°~ l ***(*$ 


AS fcxg -fUt T** V ary el p-V «U‘A^rA t*->5 } Vfo.'K Z. Ufl U« -+Im I l<; Ul'^ 

f<?^JiO»\, T»>+« r j> 4 /a+)'* vv ui /*—Ir-A* n~S g iV^4 Ij. — /SO. /£**C_ - 

T"l^-i- 4'tJ't^-^ w> E^ 4 to 

"'Vx w -U* ■= (j-°oi> ( 1- o** °i~ ^ 2.. I 81 v« S -*9-- . 

/o3 ^ 
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mo (btev\ 3'*? 

Kft/nuM): Sie&M \$ coded iu <x closed r\<ji< tcnb.\*er -from tc known iVri+ia/ 

' ’ state -to a krtfXOrt -fiM*I prepuce, 

FfMD’. DtfferaiVt£, i'Ue.t<* 4 pt*ftl'WfcCif wUicl\ ton^ , fci» l i5eiFtO'i. 'first' OGdxfS, "Ha firuc-'Hffa 
of FUc. ■foWI w\asr tfoxf toiuU-ai«*. ad -fuc w>( w «\e, occw.pit«{ 



ism eg. r^cpEL *(D Th<e sfeam is «. ctosce/s^sf«w.(2)Tlie i/ofwme « conjMkt. 

ANALYSIS : Gy (U*ump4tonit(j (z), fFc. specific u ccmbut . 7W, 

U$u4« from TctUI< 4- H 

v", - - v^, - O. S"ol o w»' / kg 

TV t A £ t-o-^v TaMe. A - 2. To. 

-Tw +( s> * mo*c -*- 

A/tx-f, -Hie fnttfuM of -fkt 4oW *vms^-fiio-f cc»ut£M-se-s « 

irAcficn^ _ Mf a 


co *A*-u-seU 


>mv 


- t- X ; 


VI - U7 


O . S 070 -(,0300 *(0 


-3 


*■ 3.4X0 -1.0*00* (O'* 

^ Whin 


= O.C4SO 


cWjmasc A ~ l_ 0,14<5io -O.^S^o^ 


7 \t -UW ^ - ^Isono^/k^) 

- 1.412. koj 

fVsev\ ( , (*^vc voIia*vk- ok teWc. lic^Wvd, cA S^-aA*- *3_ is 

» (1.412.1^ ((.0^00 *(o“* ^/kg) 


V^ = O.OOIO^ v~\ 


V* 
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P £ 0 < 3 t£M 3 . 26 


KMOlJaj W etter vapor is keated iia ck closed ,** 1 ^x 4 "from ^^Wb.4c«l v^ Jar e> j^ 

e- Uaolo* H«Apera.ktr€ te> £%. Imou/vi 'Akat te/-iper<Lkxre.. 

FliMiv . Defers ike Hi*- mitial aW -fiWil pressures and. sice+ck -Hie oroefss &i\ 

T-VO.U -y-u- Al«|fA«,t. -^ ' . 1 state I •■ Vlbot 

g-NiQg. fHopct-. ;fn Tke. water vapor \$ a. j * Sctf.-vapor 

closed system. (z) TUt volume U amjWh , H " J State. z •■ r^Hoo e c 


AM/kMSlv . L[$ i‘wj cteio.-fom Takk A-2 ; p ( = b.llS bar ^_ 

Wi-Hj otsStA.rwpteov>s (i) qa^UO t ar^u; :0,30H vwVkg. J^terpotekV^ 
iabte A^S } bar *_ 


Tkus 



P 

fi 
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PR 06 LStA 5 . 2 ? 


KUDlom . AMmotMc. auv I'sifUerMcd process 'from n [cudujvi mifiaf 

sfate -h> -tUc safurei+edl vccpt* shtf*. 


£IND; 


j)eftrmiws +irte ‘miti(xl i*.ia 4 jrrettures s^e+tU +Ua process 

ov\ T-v-omJ p-v etiAgrarws. 


£ NG<?. MODEL _ ; (.0 TVie atv\mac>vija. 15 (X 
closed 5c.js-fe"i. C2-1 Ttl£ process is 
\ SCrVKc.r rvT^i. 



^AMiVSK ■ I nfer pofa.fi'vuj i*n Takfe > f> * 33.gt, 

Uiihj cUVa -from jaj glg ft - ji g., 153.13 U*f/r^_ 


T t - 6o°p 
at -- 10 fK/lt 

^=T t 

ScU-Wpor 

__J) 

_& 
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fRoBLe^ 3.30 



SWte 1 . Ujt +*.feic of -nole A-i 

' v ^''" +tj t,.h^ po.^t -f cU t ^l-d 

T c r lyi-.t + 'C. 

P c r 120. °l | s«**'- 

V t = 3.IST < <*~ 3 W ' 3 ^J 


S-Ve^C*- i z ?o Vj_ - Vq z "}• 

o.t, 3o Ur- 

V* - v/f 


f Vvi? | ^. U I ”fV ^Pv ff" Av. ^ A' f 


*■». 


Vg. vf 


(?•'*'- |.2)fc^ ° - 0 .£,2<% (2.^t 0 /^) 

( fetr. - J*a** ff ) x ' e 


*7- 




p 3 -_ Vb*^ ; - 5 = 3 ?'f - /v#<1 • T 4 ^ r U 

V 3 = o.ol4* m V*V _ 
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PROSL£M 3.31 


jcNOiOAj ; yA spcct-fie-d txwotiM't e 1 #* wa-fe^ /s heade-d in a closed Tfie 

voiot-»vie. js kuotoi^ a.u^( daf*- c*.re ^ i Ve-i/t -ft?*'-Kid iVtTfi*./ -s-ht-W. 

F/<Vp : -fUd jsnfsSixres a - / - "Hid jM/’+jtf/»«*■</ -Aka/ 6-Ht-"fes. 


ScHiSvWATlO ^ gjt/gAj paw. 


T 


Fmg^ /viopsL :([) Tbe wider 
is tke dosed SusU-iri.fa TUe 
kofu-we is Constant- 



V-iTS-H** 5-kik l: Sat.vcLp. 

5*tefe z: 7^= 400V 

Tbe T-'u- diAaro-vVi is sk(j«j»i 
kt. To c(e4ermme -Hie pn^swrej, 

^ ? . ~-i a Lt yi . fj > xil *•- - . I 


Analysis : 

-ft>-/ke aiglet. To c/d.4drmme -Mae pre^sure^ 
■first -f-ix&ju-te.Z. Sitice fUe volttifoe ai'uA 
ivuiss tire Cow/tuiC 'Tj‘ l - w TUxts 



- V/m =03.3 W 3 )/^ U») = i.WSfr*/)!* ^ - 

*Jou; ? i«4erpola-fiVi^ m Table A-4E af" Hoo°F i HA333 fP/Vo) U/T 1 

7he*, -from 7fcWeA-3£, <tfc - HA$33 H s /ib ; j> = 6*f-~ ' 00 Ifrf/tVi. *. _ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






PROBLEM S3 2- 


KtOggtf iVC - t's H * +* c o /^■5 JUpX 

Sprc-* ffed 

Py^jQ c 4e v^p<r*-k* sc j ^+ ii^;K*l p ^ ^ ’£-K4*F / 

£MA<i -Hm ujOf*tc -for 'EM pn&c*/f t 
SCH^ATtC <£ GU/c^ T^fTTA ’ 



£ Kj 6 '■? ■ i^cp tjL : 1 "TKr. ^ K 1 ^ o p. io^r w 4-^ c foud 2. 

VoU^f cw*^c * +k* 0»<v <-» Or*: H^de. S • 7** />*—« o««^ *■■* cms*.--* p^tt^e. 

AkjAw^s: TW i««UoA s^eoT^t i/oU-'.t is 

- 3 . 44 ^/lb 

pro~\ Tat It A -4^ u>i+U ,/f - 3.H4 tf/lb p t -2^o iWf- A 

T»-i ooo °F ■*■---— 

TUc U-*.l S^tciUt (/cUv-.e_ is ^”3 h^A'C'. 

Fro«s T*bV«, A'Z^ 

~ 1.9’HS' / l i> 

TWs, T-t_ - HO i, oh 0 F <=- 

TV C l*vftA V*p (u^t, VS 

= *T^ »(a.«.)(l.«‘cS’£j^ = SM -M- X 

i 0 CVOlA \>w£\A^ UJ O r 

W - ^ p<*V - ? I ^ ^) 


T-j 


= - [41. Co ft-k*. 


W 


\fij(x\- tr IS Co-\ ^> r ess <-ol ( •fV.lA-S. A. e wjor It i 


s ^-ega-k^e. 
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PRogt em 3 -33 


RrOjj**e in ^ pn^^| ffl £/ C r ASre^^ i^deryoer c** t- p^essu^c 

3>S ~f-o r wkv'ck d jx+^ 

F^p; ^ HrWue jpec.fV*^ d<xt^ at tU'* 4 sft*+e. , 

e*jck Hojjec: 

f. TKi 3^e« *f /jscpaKt* is tkjf c4j^e^ 

r y s Je »vi . 

2 ■ Vc?/ y t+\e c. kA rv c yj t ^ only t*/1? i^£_ e. 

* P ro <^ir “ccy^r^if- 


Ut - > 1— ' " Tu "° P^^P^ri-its art reared fn Ax; +K* £fjsJ JVfe. One e f /<«« *j.f-kt 

p«»u<e ; p*.- zeo/*>//,„< T^ .+*-r « »|><-<../c -v,i u ^ £„** -W -tf*. j.Ven 

kJiir t I 

Si^cs V^aj v|rt ^ <t Unffv^^t 1^-fk-f tA^ ^ i-Oo*-fe.. u*#t/e A^ !*%*»* * 1 / ^st-i "F 

W - f pd \ r - wp £ %7 * U 7 J 

-£*- ^ 

lx - ^ ^r 

* 


KHt^ATiQ ^ 6/Utrkj p/iT/} . 


r i 

| fttipau t i 

i 1 


- 





»i= ?/i3 

P, - Zoo 111 f / •'* * 

T, s Zoo "/=■ 

W = -P?.?4 B4— 


Tr«w (able /l-i8E^ -V] r O.?oij -^■'74 . T’*“'■* 



W-fHKi 

ILSi 

-A 6 .7025" t 


18 + 0 . II 

1 M4.H l 

1 


- — o.34iS 4 ^-+ = °- 4t~ 

7s v* ,b 

Ac*- T^-fclfc /i-ne C f zcil Ibf/,-„»- , («= J>« ^ ^ 4. ^ . Tluis Z-hC^Z 

w < 5 . 4wv-X.? Old - AcctC- C*l‘-*l*T' v '5 <ju*l>*JU« 

y.^- - ft-g^?-o-og4^^ 

^ o.i^t 1 - o-o34 fi- 

- O-tfcZ. (fet. 2 °/^) <3 — 
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PRQBL£H 3 . 34 - 

KMOtpAj : Aw^oia\ £x_ ^ toTtsWc-f pressure. ovoce^ . jUe. m if iaf 

avuX Xi'a^l 5-krfes. are. £ixed. 

FiAJp : JiWiMme -fUe wtfr'ic fsir ■f'kc proofs J per unit muss of ^ 1 


► bA^V G '•A V CL * 


sc4e<MATic £ 611 /&J Pata : 

n— 



j> = 3.Siia r- 
~"j> 7;=^o°c 

-Stefe z: Serf. V&for 


■•’ J) T^e refri^eran.+ t-s -flic closed 
Tke pre^su^e. femaiw s rorm-fct.u.'fc. 


£io<Sft. mco^L : . , . __ 

s i^Tt,pp. (i) Tke pre^su^e. re maw s com-hu 



&A;Ai-V5t5 : TVc wort. us MerevmmeJl usinj , 2.17 tuefU s u mpfi^n Z 

W-J"fuW = mfpVtr * rupfvv-i/; ^ 

frof>i T«We A- IS «+ a.Sfcar^O “c; \r, = 0.S~I7MS *r\ 3 /kg . From Table A- <W, 
^ = \ 3l sUr = 0.4%H mVfc 5 . Ik as, fromd*) 

^ = p(V a -U^ =(2.5 W)(O.HgZl-O.S774S)^ 


V 

(*) 


10 ^kJ/nV*- 

1 UT | 

l bar" 

io 3 k} , «'7 


W/y^ 
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FtfOSlElA 3.3 


KMQuiM ; WoL-Vey^ vo-fJO-r iA*-dw^oc.s tL (Lcms|«.v\f voluLwe Cooling process 
^bLlom>ed ^Dy [so4Ucryv\a,( «mA-eM.sa4iov\.-ft> sa4tA rated li^u-id. 

FiMD : Evaluate *H\e. uxJv'lt. yer uvCd" kv\A«- 

ZoMJ±kTIC & 6ft\/&#J DATA : 



f t = 10 be* <* 

77 = MOO °c 
T^-iSO a C 

S-krfe. 3 * Sa4. IfouiH 
*+ ISO °c 0 



e njcr. mcpL'L : 0) Tbc ujcdvs- is -the. closed sus4on.CZ) For process l-lj ^ 
-the VoliLme is Constant-. (3 ) for-process 2-jf, fke. h,mpera.ture is ccnstnut. 
(H) Volume cUanjiL is Hie. onuiorfc mode, 

AUMt-VSlS '. By assumpfiomC 2 J ouyxdCAlj, oyiiy process 2-3 involves 1D0H-- 
To evatw.Me wOrlc be^-UA. uJt+U 2.17 


W = f pdV =>> -W = f rsdxr 

^y t 1 no f 


kj&xt, i*je fix ea,cU sHdc And obfa-im Celo.VAist' dado,. Since, fAe. muss 

And volu-tne are COnjfti.n.f -fo process /- 2 -j 'Vz.-'Ui ■ 

Table A-A • v, -O.'ioioto m 3 /kq. 

UiH\ '\J\.- - 0 -“bO(e(o % 104 . see \v\ T<*U«. A-z ok UO Sc. ■Hvpct "U£ < < v*. 

T^as, s-ledt Z is tuv -HUe fvoo-ptoxse, U*iA.ia.-\/apof re*uov\.. 5 lt\ce +U*. 
Hifiy&CA-WM-e ccv^s4om.+ -ferr process 2.-3 j so is -fta pressure. 

= H.IS^ *w 


r* - n 


So-f@iSOvc 


© 


Fi^vaWcj, 4r-om Table A~Z f ~ iSo-c ~ !- QC lOS’Jdo' 3 m J /kg. . TWs 

r^v s -v^ 

3 

- b<xr)f (.O'tos^io' 3 - 0-3o(fitf, ) 

L J 


I0 5 ^)’fn 2 ' 


I tT 

\ b&r 


lD J huiv* 


= - ms H kT/ict ^ 


I. The ne.ya.rive. Siijn demotes energy -jo -fAe susHin bu loorU. 

daring process 2-3. J 




Wi 
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PAd&i£m 3« 3i£> 


kM'&nUJ ■ Rd-fri jeraiif 2.Z <+i\dcrC}Ces a. process wini <\ tuouM pressure - v&turne 
-from a ^iVtn iVfifiaf S-fafe 4o a f vv*n fiiW pressure. 

FiMD: Calculate Hie work, -far fUe process. 

.SCH-£m4tIC- £ CjWjV DATA 1 . 


1 1 

£'2Z l 


jm-.lkg j 



P - Z 'oar 
. 7^ = -ZO°C 
p = IQ (sar 


£k> 6 <? tviogij .(i) The refrigerant H enclosed 



wwh.yms • . me tooru. is ooncusiaa, uy sesmy c^.*d.r/. pirsr aeH 
specific i/olunnes. rrarvj Table A- 9 } zr sO.1/52o , ayicl 


vz. 


-L 

- / 1 

y.as 

( z Y 

■7 or - 

1 — 

/ t 

\ i o 1 


7lie cuork hs 


\\ T7 

W = J pdV- Yr\\ p dvr ■* m j 

1/ v ' - i 


V T/ 1 - 0 - 3 


(pL^- 

Cl " l.os) 


(Z kg) [(10tar 'Xo.OZfS’lS** 3 //^! - ( zHo.liS'io)] 

/C S n(h\ z 

l ic-i 

C /- /.OS^ 

1 War : 

10* W- m 


© 


= - 7 3. H 1 _W 


1 . The negative value -ft>r uj orlc 1V1 d Ceases Itof-fte: process is 

tX compression process 
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PCoi3tEM 3 -B> 


loopipo : ReJrig «. vo.«.t 134 a - uwdtv'goes cc polyh - opi ' c . process from o . specifM 
i initial sf*te -K? *. jidtw -f-i<n«l +e.wipereLl-u.re. 

pimp : DelermiVve tke final pressure and +Vie work per unit av^ss. 


SCHeMA-TlC ■£ CtU/£AJ DA-ta : 


[ ( 
t 
I 


Ll- 


F, = 200 fc.p& = Z tar 
r, - -io°c 

750°C 


p^j-I.OS - ,20^5^rtt. 

em& t, Aioofc : (n TV refrigem4 us +Ue closed 
suUem.O) TWe process is 'polyfropic, u)t+U 

V\ - I .05. 



/WAtVSte *. 5-fufe | ks -fixed by T, s-to°c, ft s-z. fear. From Tafc/e 4-12_j 
•vj = o.oYf 3f6 -ff 3 /tL. Thus t coi-fh -f-Ue. po/yfropie process e*.presuc>*. 

= ( R/ r*) -tr c*> 

Tn Tctt>l«,4-/Z «.+ 7^-50-f'/iere is a. u-ni^ue-v tisscciaifeJ w't-bh e.&cU 

pre^SU^j +ka+- is 

•«L lfe -' tr fp- 7 i' £o * t: ^ ‘ r ** ) 


Tke -foUoLoi'Ay fable of- dado. ahd olof are obfa,tv\td yt im^ £jO«/nd 
Where Ike. U'*es inJtrsecf, fcofk expressjom are sa.-tusfjcd S/VnuUaneoMi ly. 


Fcfwr) <-#> f**} 

y O-O^^V O.ozB^fo 

9 0.02.372 O.oz.472 

/O O.02l4(o 0.O2HI 

// o.o 19 to- 

i2 o.oigo4 o.onn 



From +he p/ot; 

~ )0M fcar -*- 

or s. 0-0205 m 3 //cj 


Continued on next slide 
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Problem 3-37 continued 


The expressions O O aw4 C**) cam be SoWeJ *hu.cU vnore easty u.n‘»g 
the -f©Uoct>m^ /T ce-A*. i 


pi = 2 // bar 
T1 =-10 ll°C 
T2 = 50 // °C 

vi = v_PT("R134A", pl.TI) It m 3 /kg 
p2 * v2 A n = pi * v1 A n 
n= 1.05 

v2 = v_PT("R134A". p2, T2) 


(*) 

(x-*) 


Thepe-sults -from -Ui£ computer soluho-*\ are. p z ~ io. 3 8 bar, = e. 0207 m 

toUtcU a^r-ee u>e.U toi-fU fUe grapUiurf reso^Us. 

MpuJj ■fke. i/jorU. is defev'mmecl E^. 2.(7 and ^roc&d-Li/re. o-P 

ExavnpJe 2 .a -for -fhc polijhrppic process ^e-t 

Uimg -the -values -from -tbe compeer sokt+itn\ 

^ _ ('ip.3£ barU 0.0^07 w, 3 //^) -<»£o.£>*?*? 3 

M “ . . 

0 - 1-0 5) 



[I l kT 1 

l bar 

| to 3 W-m; 


= -32.21 k-T. 


w/r^ 
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PROBLEM 3 . 2 >% 


KTvfP W/U i Refrigerant (5 Ha. )s tom-pressed m « pis+oh- cyti^detr assembly 
•frorvi o. Itnounn mffiaf state -fo a. kn^uJn fiwal prv^u^e.. TUe 
press u. re-specfffc vo/u-mc rjMa-htfvisU/ijO -/br-fte prece^s is cj\\ie.v\ . 

Determine tUc uuorU.. 

ScHE-MA-Tif. & GW£U DATA : 


»1 = 0 .oy [b 
ffsiolHW 1 
i* 7; a 2C e r 

f2.~ /tO Ibf/iiA 
f>u * Ccrust. 

XT 

£ Ki c-g, (Viopg/. .- O) TUe retogeraat: is a. closed system. (2) ~rUe procecs is 
^olytro^>\c. un+tv ptJ * co t\s+. 

avai-VsiS '. TWe uoortc Vs obhuV\ed by iuiV^ &.2 .n. First; deter m me tue 
■Specific voUxrwes. From “ialok A- 12E. , tr i -^.4297 ttV/b, o.m.4 

v x=(jJ'0] *( 7 ^V^^ 7 ^ 0 ' 3081 W ' 5/IL 




TVie loorU Is 


w * L V v = ^ t p dv * *1/ ^gt* 

= ^ ^ VVv ( ?l v- jU. (■& ) 


( 10 

144 m v 

t £K 

M bO J 

t i+ x 

T/6 tf-lbf 


© = -I.0f2. 


w 


/. Tbe wort is in e^atAe-for-fUe com/=necs/^n., <25 e.xpec.fe.cl. 
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3-3^ 


to) Kcfn'gtm«.t r»40°£,tr» O.Olz 

■from Tab}*. A- 1C At bcPC ‘ v: afl.OUf w 
^ Superb eaJe^ dofcr 

3?n-te,rpol(k'{'[Cim in Tafa/g. 4- fZ : P-3i<e>2lw 

, ,. - 3b3 tfV. 

W-JBM kT/U 1 



Op)^mwoHi'^; p = fi W , tr * O.oos 

ire*) TeMa A - W &t 8 bw ; = n i y» 2/ h 

iTp < U< fiLio t h^u.i4-v&pcr wn-^kure. 

T 9 - Tsat “ IP' ^^ ^ 

V-X^F 0.OOS- Uo302Xfo J 

* = Tsrrrss^ 3a05/33 

W- U* + X^-L^) 

' v +(0.CaiJ3)(/ 3Jo.fr V~,24,3. W) 



- <?85.¥ fcT/k 


ft) Refr^-era*! T= - iO°C j U=ZOO tcOVlc? 

T^jU A-T- <U^ -lO^C, 

■=^ 2-~p^e Mj-L^fw.re 

p - p f# 4 - - 3.&HBS b*r 

X - Lt - U.J - - Zf>o - ?3-2y> 

U^-U^ -fcU. 01 .- 3 j.i 7 . 

- o.S*n 


*** NJ * V 4 ** c Vj- V^J) 


- 4.76ofe 4- p .»M(e-0tS2.- 
^ O • OS>H ^1*5 
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Pposlbm 3 , 4 -a 


Retnyerau't p-iqo iWiU% U - ICG BWUs 

frcmn TaUe A-u EL ; kf * 6 * *13 % 

=$. +100 - phase., (i^tf-'tM - VfrptJ*'' nuyfar - * 

/OO - V'f.O 


X * 


*■ O.T&S 


"fj 70.5 2- 

v- 4 +x (v$-v- f ) 

« 0.0(384 4 (.TfeE^ro.3358-0.0(386.) 

r-T^ "foo,5-fe‘F 


^c") l?«-friterant 2.2.;, T=- 3 o°F J tr-/. 2 , 4 f 3 /\ia 

Xmm Tabfe /l- ?E » = 0.1 6o4 # 3 /lh 

^ Sttparkc o-^qA 'V&pcrr 

Jn-^evpola-his^ cm Tofrlfe A-^E, p = ^7. ^>0 ilpWi^ 

A * /Qg.fco 6Wtl 


T 


rJ 

-J 



/£)0.5fc F 




30 ° A 
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PRdRl^k 3.4| 


tO 

S ^ o 1 u J"i (j ^ 

C cJk HT 

+o PrebJo*, ^cnr- */aajfcyp 

rc s * 

c/x "fo. 

. Use 

60 

ok* uk "X f 

-to 3‘40 "fur* ' l Qokup 
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PROBL6M 3-42 Wafer U 4W SwbsWce. 


(6.) p - 3 bc l K' ) t *2.HO°c 

Table A-H 
V- on& l wVJcg- 
U. - 2T 13.1 (cT/k^ 

IT Results 

v = 0.7805 m s /kg 
u = 2713 kj/kg 




CM 


p = 3 bar J v- = O.S rn 3 /ky 

Table. A-3J 

^ r = (33.fc®c 


.3 


tf. S -<.0732 Xto 
o. fcOSS- J, OT 3^Xio' 3 


=. 0-825 



u. = «f + X £«g - £<f ) 

- SW. /S*-f. S2S‘k'*5‘V?.<,-5&/.5j 
5 . 2 / 56.7 


/7~ Results 

X = 0.825 
2196 kJ/kg 



(£) T-HOO 6 C. J p*lO!aar' 

Table A-*f 

V= 0 . 30 <fU 

h=32(?3.‘) VT/V^ 

IT Results 

v = 0.3066 m7kg 
h = 3263 kj/kg 

(dl T -3lo°c , v= 0.0 3 

Takl* A-2 j V>T^«^3ZO®c. 

-> Table a-*;A4 3 zo “c. f ke sW< 
•faMs between ii>0 a.*JL 8o b^r. 

I *l4fcy“po/«+tV«^ } 

F-TH.bl bar - 7.4o7 tUp*. 

K = Z-feTS.O kT/kg 

IT Results : p = 7.356 MPa, u = 2682 kJ/kg 





(£1 p-zemp^'i&o bar, T-szo B c 
Table A -2 

V - 0.01010 rr> 3 /t^ 

h - 3/52.3 
IT Results 

v = 0.0102 m7kg 
h = 3192 kJ/kg 



Continued on next slide 
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Problem 3-42 continued 


Of) T=tOO°C , X = O.bo a 

j r 

Table A- 2 , 

ba.f~ 

~ i-0 c 135*t3' 3 't (-teO)(1.6l3- l,Oi3$ XiO 3 ) 
= t.ooHz rv,*/^ 

jT Results ; p = 1.013 bar, v = 1.004 m7kg 



T=io°c , XX- JOO m 3 /Auj 
Table A-2 ; lO e c. 

fhuSj j = o. ouzg bur ~ i.zz-8 t* 
x a xr ~ _ jo<? -/. oooy x/5 3 
^3'^ ~ (.ooovwtr 3 

= 72.0/ vf.VVK 2 ^ 7 -j, 7 )-237/ kT/lwj 



IT Resuits ; x = 0.94, h = 2371 kJ/kg 



CM p> = 4 (HP*. = UObar, T = Lfao°c 

7<a()l€ 4-3 VOixw' j T^ - 2 So. 4 <fc. 

=%> /i^in'et i+et^e ^7 Tjsrf ) 

7ot/€A-5j* double j'nberpokxhun*. 


T=-iHO°c 


p=2.5 MPa 
V = /.075 V X <0’ 1 
u = 587.91 


p- 5.0 
1.0748x10* 3 
5St.7 fc 


7 = /Se^ 


ir= i.iztini 

u =74>Mk 


.3 


V 


f.IZVo xio* 3 

7 51.fc3 


/VO 4 *! 


f = V.Q MP a 

IT* i.QIIH x |o" 3 
tt= S87.<8 


l80°c 


u = /. /'2.4 8A(0' ? 
u. = -7<b0.2(/ 


7W*, af V.orw^ /V0 »c 

<1/ - /.I0t/X«r 3 w 3 /lcj 
U. - (*73.7i 




IT Results 

v= 1.102 x 10- 3 nrVkg 
u = 670.7 kJ/kg 
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PROBLEM 3- AS W^+er is ’-J'kja . 



t*) p-2* U&Hin 1 ; 

1aU c A-'SB ^ 

v ~ V -f 

- ,k - fl.OJbSrl 
2o h a9-o*o/tfc3 

- k 

,*. lu J 



-. iqfc.il+o-T'Jtttoft-«*>:«} 



- °{ oi , Z^i &W / b 
Gc) T= p= j?o itof/iw* 


TaUc y I'rt-bc^fte l*£< 

a-v q&o*F 

V- *.>3S -(W4 

V\.- i¥-Jff.»s B 


IT Results 
v = 4.718 fP/lb 
h = 1478 Btu/lb 


IT Results; T = 228 °F, x = 0.7962, u = 901 3 Btu/lb 
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Problem 3-43 continued 

Cf) T= HQO°f j 0°/ 0 
Ti-ble P 

V ; + y Vf£ 

3 0.0 .‘l 0»$6k - 0.OJ ©fcVJ 

_ l- toS I 3 



IT Results; p = 247.1 Ibf/in.*, v = 1 681 ft 3 /lb 



C<J) T=4° 8 F, V'-^SoiL 1 


ft*. V ^■ V H. ' —’ 

^o°F. TkuSj P- !■*£/'*, 

v ~ p 

V^-v£ aptr- o- © IU 

= 0 . 7?S 
v>- h$+•# u -f 


-t-v WfH. 

cO. i »Ttl 


^ ScU -t ©.Tt?( ,0?M 3 

= 8*V* 




IT Results: p = 0.1217 Ibf/in. 2 , x = 0.7975, h = 861.9 Btu/lb 


(Vx*) p-- fc»« iH/in^ T?ru>°F 

TaW« A-3& *- J " fe°° 

4-^-33 0 F 


^ liquid S+ftAc, 

^-S'E — iixbie. 
formic U K 

p* soo itof//n L 

-P_ V - 0,Ol7VU* 

u - 2 .^^ 

Tt; HO O v- 0.01 S 6»0S 


p-s IOOO 

o*o*?3^ 
xbS* 3^ 

o .oi$5SD 
.sr 



3oo»p 

V; «.0i?W1 
«■* H>iT8 

9oo°P 

V- O-OI g5lA 

U- 373-+S" 


*Jtr fcoolbf-/in^ 3Zo e F 

V ~ 0 0 j T&’+k £*^JL 
u,-. 1-gq.ii fc*//j, 



/7 Results 

v = 0,01766 fi 3 /ib 
u - 288.3 Btu/lb 
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p£0(33.4-4 


(Al /-/ t O a-f p'/SFiPA - 1S0 loo,v", T^iOC 0 ^ 

■frorvi Takle A - 3 } *to~ 3 y” 3 f kg j - w 30. 2.g 

tb) U5i^0 -Sa^u^ct-fect /i^Kid 6^61,4^ -frofn tot/e 4-2^ 

q ioo°c ~ 40 < ^'3 5 m 3 /Jc .^ 


NJolj t i^st £g. 3.1 3 fo es+i^Acc+e. .specific. e^4Va.4p^j 
^ ^-f C3 (oci 0 c + ioo B c ^ P * fWf c? too °« 'i 

" q ^'° q Jj+J-OH 35^,0-* Jl’c/So-1^) 




© 


a ^19.0^ +/S.S5 s W3^,S? kj/U 


]O s v/v** 

t U 3 ~ 

i 1 oct,r 

io 3 M-m 


/, ^Jofe -fkct4 ^<2ioo°c w **- pl&us'iUe. es-K*M«ie -for A m 
^ w^+Ui/i Cf-bodt 2.b°/a of -fivz -v-o-lui from TcJol-e A ~ 5^. 


E±^! 



^vr 


5c^e 
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PR0066*H 3 - 4iT 

Wj.O of 7*- WOO e r ; p - 3000 IMi'^ 

-fr-om Tavk A~5E t ar= ©,0lg31 ^ -P+^Ua 

w = ytz.so 

The specific volume avct en+Uc(,(py values com 
also be evh n^ectett s<^tu recti ot\ <jla4A -fre^vi 

Table A-2& ft.vv.et 2>,u a.vd 3. IH , r'especUvehj. 

V ~ 'L£ £Hoo °F') = Q.0ig(»4 ffVlb 



Ovui r 

k* h f CH00 «F) ry^ C*too ft F> L f - fW© ^oovJ 


= 31S.1 ^ + O.Ol^H £*1 


- 384,(* BVwtto 
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PR.OBL&M 3-4<T 

Re-frije IS^cl. a.+ PS 8 pjJ5"0 Ib'f Art* 

To-tlc. iA - 10 £ *-* - (2 &-b 2 - Lfc"f (* 

~^> -U^u.d -sVw.+e u>Ke« p- fTO Ib-f/i'n/ 



uri^ £^, 'S-n J v ^ = o.o'Pi £ * 3 t(y 

^ s, ^3 67. 3.1V, U £ kf c^r °f=) - w sw/jb ^ 


v 


h 
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PR0i3l£M 3.4? 

A o^ Ok cA "2.0 t 

TcAU A-13 cA 7.0 
1 l u.v cJL sA-oA-C »j 

Usi*^ 
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oJt £JOG IcPcx ^ 0^0- 

Table. A-H a+ 8 Ur, T sed = 18.-^c 


-A> 

11 H 


b> 4-od* €- -p 

Us 


ZA\ 

, vr * u^(0‘C) 



= rtlowo’ r! ot “ 
== 1^5 

Us"v^ 


3.(4 

, w ~ u c (0 “c) 




- ‘is. 1 kXAa 


? bar 
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PE/ic ENT CHANGE 


PfiVticeM 5. 49 


Z40 T-20* C.J f> ■< Boolean 

■fponi-i Tab/e, A - % : ^ = 0.0133*1 W 

1 ^: = i,GOtS> XlcT 3 'm V% 
^ = 53,95 kT/tg 
kj = 33.96 k.J~l;t 3 

‘jrojpx Ttf M<- <4-5 




P - b*r Ct=3o b c). i 

2S 

SO 

TS 

/Oo 

/So 

ZOo 

2-5C 

3 OO 

Imc/D 3 

l.QOUo 

AW 


.9972 

.9950 

.992.6 

■9907 

■9x8b 

VL 

82.80 


; 83.50 


03.06 

02.77 

02.97 

8z. n 

h 

8 b: 30 

es.b s 


93.33 

97.99 

10242 

/07.2V 

uf.sv 




25 

so 

IS 

1 Oo 

/SO 

Zoo 

25 0 

^oo 

a v C7o) 

0.12 

0.2-3 

0.39 

0.9k 

O.t8_ 

o.io 

i.H 

I.3Z 

A u.(%) 

6.it 

0. 3k 

<?, SH ; 

0.70 

I.Cb 

M/ 

Lib 

2.12 

AU C%) 



8.39 

11.12 

It 41 

_ 

Zl.lt 

27.7 3, 

3?.l\ 

aci S 

> 


■?o c c 


;.o+ 



^30" iacmeii ix5,/9 'v 
V> ° \ 



5C? (OO ISO Zoo 2So 3oo 


So (Co ISo XOD %So 3oo 


j? - b&r p - foiftr 

POMM^A/rS : T^e ctua/k^es Vo-ws( tx £^re 6met ^ over 91^ pressure rai^e. iu\ 

Ibis pr*ob!eM. 'jtuxs cUu-7 tq: <a.^c reasonable <Lf>prv Kt'tu aliens } rcspeof-ii/ely. 
('icu/etfor'j fa d-e /l cutes by over 30 % -ffadfli tu- , KV~d rk& afproxtMotor** 

'(£ not r^Ai£inL&ii/€. AJoffc iUot £&• 3. IH frtvtdes a~ fplAtA.it (ole &f U 

■far ccfM-pct&ed liquids u)i\ew -ferbu&r 'dot*- <ve net t-vail&lole.. 
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P8.Ofl.eM S.SD 


K N?<?C4JiN f 0 &. r> A? Iw J _/ 

-Wi^Wg. A ^ of u ~ fc " 

^ ' S' <r*\ ^ T-V C W 0 ^ d Q p^^-L* 

SChEMRTlCL * £* Vb M 7MZ*U 

“ 1 —-—-— -- £kiG Z mo PtL_ : 





1* rile uj«-fer ( ' rt Iki l * 

3, VolvJincckA^c ti c^ly t+rode. 

4 pafcH^b'-U encr^^cir 

pi 0-^ ^3 i^l< 


** 1 *^3 t<$ 

Iv^T-tie. 4-3 WF 1,^ * *>*> 1 ^ ; H f ^ ****- Jdki.1* 

Morcova £ - l-4<H ^Jfcj S *W^+e^ 

tfi^X *X X Jo*r t ^ pant i ^ .^h f, vr ^ ^i^pcraK^KC C*^rfS^ 0n J^ / ‘iW^p^ t-3 fiCo 

e*^«r/*v, *Jr fn* rt j ^en^t‘f / a4 PWT- r 


7- 



(A 

o-t 1 y Co 

o*^ fc. k*d 


(J 0 ^ 

}(/- 4. 

- 6 --S } ^ 1 -ii? 


V- UrtU- 

•' / / 0 3AJ 


W,2 


Art <u*r S ^ b-Vi«L* (w follows.: ^tT4 ^J=tT : +^>pf'~ <S>-W^ ?iV ,- 


CS> = ^StT-t Vj' l ^ w% ( l, v -U, } + W, 




M|3 (.1* tt)u.^ 4- V U« . It finj 


■f •*■ * 3 * v * lK««J JC J, !*o+*+kO v't - C I - x J VJ » X Vj J 

x, ■=. v ‘ ~ H - o.r- Q-^ji/it 3 ) _ g,^- 
v 3 - v f ft -»4 -(.loWliS) 


t^.Wn^_p. Vj^ 6.vv ^ ^-3 -K- \ i to a r, l W« ^ 

u, - Q o.7o^tt'7U) + (&.;wrX 1 " 4 ' , )= ,o53 ' i 
f\^eJU^ / w.-N ’ U } U 1 

t 1^ (z-Fot.1- ^J. r J M' 7 ^ 


Qn 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























P^oSLtM 3. S" I 


ICMOU;N : T>«.+c, ort pr 0 v,'t)e^ -p*" 

P t KjD S ^-o ^4 *t pv'oc* Ot| ^ p-v 1 cLt*v 


o*f propane in a, /3(i/un' 


P^ocojy, 

>CH*itv^TtC X 6Wl“/0 lM7V*: 


a^d ev A £^H W/h^ 0 h J<^^ /^y. ^ 4 ^ 

6n4R. m qj)£: L : 


r P^p^eTH 


£3 


JL' Sfl.+u<v+c^ vaj^or- o~T 4 °C>Js: 6 v , 

4 - Pi^P, j T,= 4o°C 



l , "T p av ^t C 1 r\ 4 K*_ p (^fov* - t 1 « dj r* ^ j 3^e **-l b hj 
U 4' L ^i *^Loic4 . 

2* p^o^AnC j# re I III 

V^t^iA-c t -c uo 4-U^ cm <-Uo*-K I^o0 £ 

4 iC*nc f>‘C a*d C f/cofiT 

P^ ~ r > iZ - 


s: t<* f-^o s* vr 1 s t ^-° ^ "H-"-** p - \f S: ^ <** j & wi V1 n *-• vt> J u 1^-# c. U^rv- 

J It -|rW Crv^w 1 ^ UJ O r- fe*_ rv-O '•Ln, 

p^-°0 

i 

d*U-v, £*wl l* U e A-l g c^t 4bar' j 

Wj.: ^■• s ^( 0 ., 3 , 1 . o ., ( „j Jg? |_i±5j .. ;o . i£j ^_ 

*3- 

a-x ^ly+z^r+pp ^- a?* W ; ^ 


** 


>K 


QiL 


Lu. I 


C.-4 Vt- 1 - +19.0J + 1 0.2. 

SO-*3 

** 


Qm. 
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PRO&LCM 3.52- 


KajoUaJ : Re-frioferziu-'t I? 1 !* ji compressed -from a 9 iitekuW+i«tf shxfe +0 o-give^ 
■fiwiii pirarss u*z. There is no Ueaf ■hnnsrCr'jAnd -tUe. woelcd tnowM. 

EIMl - 3)e-ferrvy)'^ ike -Am^I ■Hunpera.-kure, 

SCH£Mflmc 1 61 /eaJ P/erA : 


'4 


njjjjjjjnjjjjJ 


H 1 

1 JJ-WS ] 


M'lrO.Otflb I 



TTTT7T7TTT77777 


f>,- 30 iLft;**- 

r t - zo°t= 

f> z = IbO \Mi« z 
w--0.5fc 6fu_ 



g.M£g.Nppa .- Oj T)ie j 5 a closed system.C2.J There is mo bea.f imns-fer, 

(3) Kmefic and fo-fcntiiii energy effecte are. negligible. 

AN A ViSii : The -ftk^l siaAe. is -fixed by defers in ] Mg y L using ike energy b&uiMce. 

Axi-h^/e t&U */-W 

u>i+A At-7 = (*, ) 


'UL. 


W 


- * " % *«. 
f-o Taij/e A -12 e j tx.^ - 0fu/tta . Tkus 

Co.st bM 


«*. = - 




fD.OM |k ) 

=■ 110,2^ 0ki/IU 

fe-terriMg «.gfl.UA -/o "TitbJeA- ^E*, t^ 1 */2Lfa 
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PROBLEM 3 S3 


|C o uj i\l ' 

P f Kj D ' 


'D fc V«^ are. prov/.defi -far- a procurr o-f o.-^w,o^r*v Co^Wm^ 

i C^ p n ^ 'l-tJ'T. — ATI f ^vi . 

<r ^c ^ vw n ^ ^ -n ^ o^-A + *. i— p-ff a VM. *x a *\ <i CD /1^ "i-cv- -ri^ 

-nc Y C wgo ; EJOCA_Mod El 


r-->l 

r“ 

1 Am*i[>w^ jf 

-4- 

l -if 



SVtf i - v^or it 1 
SAtJtlt Z ■ p 4 ^ f c> b* r* 

^ j^ ^s 1 



j * \ a *■> Wvl p 4 £ ffc m | , n rjjp ^ 

1~K* <Jo re^ , 

2. ~ JtvcpAA. s - 1 i/vi o« u ^ iCavir prfJi'ui' 1 ^, 

3. Volume a ^ uj e ,A ^oc 1 ?. 

4- CU*^<7 i*,' t.'df Ac. a*d po^iM «*»ei7j 
are ^ejj.-j, j, I c . 


T'*->» prap-ert~] v* Im^i rr 
k> (i* r!-»4j.2. One «-H*j jf2^jjj ur g a.nd'f l ~-t 

\s* VPlk/wva 


^£i. - f p<+v =- pt'v; - v;J 

Vw J 




•v. - ^2^ 




f i fc- r *J/ej | /t> 3 w-* 
C ;os/« ,rM /“ y i k”3 


^r^A-ir) 

«M2-Sr 


- o. ksu •>w , ffc? 

?“) fr^- TVLAj A- < r fci* 1° f* O V*. s. 0. 14 JT> ‘**’ 3 t t-J, 
T-2. - S£°C -s-Ti 


AO fnfr-jD aaVj-'^j-s +d <C\Tjr-i-< 0 > r !fzrf'-t-ptp'z — cS) lZ -W ti . 



-(Af/tf?- tJM m 6t)+ U ” S ~ 

* y 2 .^1 L 


<W*n 
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3. <*4- 


« MOUuN a.fc 

FfioD: 


r l 

Dc 4 «-r y^A n c ’Hsj s 


^CB^rwATtC ^ <SiVi3M DATVj-; 



pro vAcJed 4v^ t. o-f £oa+cr ^ — 

■?• 

^ r' a>^ cL -{rv-rH^-c J£ ( 

GWCr. MoP£{_ 

1 t T j~-* ^*^-|-<h^ t *pi E<*—i ^iI’Kj'w 


as 

it t-Ui c^Loteii rys'te^ ■ 

, T k-* * c^c wx <^£Art r "£a*i t „ 

t 

Cka^tx uv; b»n^ <*. ipcj^n^'^ €>ierg^ 
^vc Lt + 


A kiAu^yil* Ca'I v s 

■ —* —-— * * ^ * n *-t V't) l U C kinrv^ £ L& 

+Cv^ o^ e , 'M.i-ffxJV o ~ 

^‘1= Vv, p ( , u -j 

T Uhla j 


Vv\ - 


P(V*-U;) 


A/-, + *,(_ Vq -yp 'j-; /.0 4-.3^ _, 1 . tA -A .^4. l_ofJi 

j V <o3 / ^ ie* j 

= movS - — (*t<i.wt4-5 «£*#«.) 

v^s 2. i j-2- 2r3 ("Slke4-4 


60 An eotr^vj /Xiiuc*'! in ^\'CT'i- ^JSrG^-^irP^ 

C&ix - ^'3- t- “'■ C u * - u i ? 

U>«(C M,^. u,f.* x, (Ua-U,: ) = 4J?.?t-tO-fcS'ft i -ttt. 1 ~4i^j^ 

=■ l^ff .04 Ei (7WJU4-? <U-M) 

*%■ 

Ui-. l(.«-l£3 ( TUXtA-A <U-h.) 

.*, ©i2,~ 3coto-t- ec^ [ zzrx -1 — >o 

9 

- z??z. 5> *^S 


Soo K o 

" Z. £o 


<oV* 
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~ <£>. I - W, 
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Problem 3.ss~ 


cy^er ^vs thT Pr0tl ”. °/ CO * ,+#r% '-v ~ p,,*^. 

(T TKep^^j .^tvte| W +llr , 

p ' ^ D: n.. ^ , 

^ Tvl ^ ^ ewc h ° ^ +^<r .~a> *i. p ^ts^u 

Eto&e. MoDgL: 


J < i-oc»„ 


5c H t M~U c C lU'N Ti/J T>q 


'-1 

1 Wat«f- / 

L / 



r\1 h>"i t p-lj. E i'u. re = Zo Ifef 

i H ^ 

i-^a: ^ s"d^: -b s a u Vi^u-'d 

& c *- "5*t* Li7w#i4o r*-i y*p gr 
c ^ a: SVKVap** H T^^SOD 0 ^ 



f 1 ‘ TWt w* Ur pis fu^ - c^x, v, dt^ 

asjcv^b^ u,' . 

t* Ji^wort^sc tctuKi- <u^ ^ trx o "T prepare % 

^ ^ +Uu, ovU^ u^orte Wi^cf^ 

4-, t i»ci l c p>e F? * hoUs X’pve r^ ^ 

hejUjrW< ■ 

Ate&LYSi *}'. us<^ 

W^J"pdXT= p^V"^>^- CO 

*f* &— ^ e ►! € r 5J b <*J-a w o . 
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r ^ U -I- 




— <—>Ce "t - pU C.*^} 
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/ . j \ / -tt \ 1[ l f 3^ | 
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VVA 
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Vv"» 


0 Id ; 


*>| |44 I - g, 4 0 B-VU. 
\Wfc7, ,-^(d-7(.-^^J|^>/ — 

yt^\ 

(Sti. ([] og.T-( oU.p) -t 5.4-0 = 3 i-!0 ]£f^r 
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PROBLEM 3.S4 


KNOWN : D<*+-f^ ^ P^i? ^ p>r 0 p*, )e ^ 

pt3rt*a- t. **da-v -1 


F CfeP : Di ^ r VH 

pretax 5 . 

SCHTllViftTiC. * g^y/gjQ X>^~r ^ 


"'- 4 '*'-* '"' ■ fl * a d *..4 W *,.<4 C£, 

£ £ 

£wt^ M-oDEU- 


A^ = ICJDkPu 



I. TVM, prepare u*.‘ -H^v pts - t ^6nd*r- 
V € w b< 3 uj 4i\i c.lc s Ty J |ctv, . 

Z ¥ b-c h^v^p-Ki ■f^- t ^^ ^ C 7 x.vic^ 

I-I 0^4 -K^ -£* ^4hT' ^V» occurs 

S ictra#i*■ y r^sFu re o-f O - Z ^ . 

3 h Vtjfut^e cUa/^€ ^ lojw-Ic P^-odc , 

M . hw 4-u-, jys^*^ Ktj£=? **■? ^ 

hickt. fntrjy ^fhi-~H- 


AvjalyjuS : Co.) To T, a«.d TL f©? 

5 * *V Ct |^_4 \ t^» C-6^t S /& * "t, ^ ft 

>r 0 ^. d*r -P 1 — eiUtr: v, - X _ 


’{-1 x s "H? * 


u/t ^j ■f i '*ue> prvpct* Uj VsalMr^ 

0j f -H^t p^pr^*S Tk ^ sp4rt*/?c vt>Jv>v.c 

4 _ 1 ? 
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PR-OffLEM 3.S? 


K M OULS KJ . 1 ^ £ 22L Cc*t £**—tVic d i *-v o , r J^ iTe d f,a, ci 
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WOUJAJ : SaUirAjfed uittAc^ vapor fs con-huUecf <ia a ri<jirf far.U. at a irt-OLoh 

/Wtoi/ f%mf>er&.iur€. The, pressure drops <a-s cl rf’iuXt ^£Af i f nmS'-k*' 
fo a. kntiujyi ftiiitf 


fWfl • De-femme fhs a.niou.K.’f of ewcrqy ffoMsftr b<j UIni'. 

SCttBMfirQC £ GTUEiO M-IA: 


r v - go°c 

X ( - O. UO 
sUUl', Sad* 

rr 

T) MQpg L : Ci) The ti^.0 'is a closed sy^m .CZ) & r pra^o -aT^. £$ } 

ft«e-s<^£^«+vi j W = 0. (y-J kiMefcc d*«i po-feuftCLf energy cf^crs’ cire 

AKi£rVi5lS ’. The keeuf fnwsfev' is defer Milled. u&w% "Hie ewevgcj Soaku>ice. 

Ajfir ^e+ .ad 

or, toi^k AXJ -*. rvtCUi-Ui) 


I 1 

t 4 X 0 ; 

i ! 

jm = 3.3t5 : 
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#0, 


$ - r^cUi.-u, i 

Vs\i\^ dafa from Table A -Z 

- tUi^.' 2 -to / (t 3 

^ ~ l.Oz^hcjoVfo.ipo^^Hol-l.ox^Uio' 1 ) 

-=. 2.0 4m? wv 5 / ka 

TXe-^ t usVTAle. A ™ 2.. °H4U> 

T ~^.S & C 

CX^cA. tA«^— 4"i,S °C- ~ kT /lc>3 

P.^Uy q , pli^)UH40-IkVS.^ kT/kg 

-nsui kr ^- 

^ ^KCJi and ^re e.^ck CevtE'fcnt: i\s k<3 c l 

1 ^ ^ p£ t*^ l^c. ViJl^ u^x. ck ^ t L j —< p <lg s r . ^ ^ 
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PRo'BLpM 1-GO 
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PROBLEM S-Gf 


-4 l i g y* d - V'd p or tVL^^^e of tva.jer |V\ ^ C^UJ<* C&vte-.'ne/■* 

1-5 k^Lfci-cd ^ Ho^ra^f^. 

F i K_r D : Rtfer^iwj ft> Kg. £ <it4f *^ H ^ve 4- Ci it c# riu^ fr-f -f^uns f*-r* 
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PROBLEM 3-4>2. 
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PRDBLEM 3-64 


KAiOWM : A+n/O-pHftsc, liquid- Vapor mijcfure of W;,0 /S m a. 

ri^ria, will-iusuiaied ta-at un,fi(only £dhiKwfc^\/ajp£;r nzmafus. 

P/aJiV . DeferiMiMg -fine. amount of energy fra.n.s-fei'' by loar/i.. 

A-nc 1 4 1 t4f AJ data ■■ 

/ W -0.005 £+ 3 

/VI 

V 91 - u?-f + 3 

Pi -IH«7 Ibfr/iw 1 - 

u 

tvicpg L; CO line H,0 Is & closed sy$beYH.(2 -J Tfienz is mo heat 'frans'fer. 
(3] Ttoe volu-vue. /$ amstau.t.l't) ICi‘neKt anA potential eh&rgt; effccfr are 
tfe. 

AfiJALiSiS ’■ The loocic js cte-fermiue^t using -Hie energy ba.la.utce 

+ AU - /-W 

C>4uj(+L\ A"U - inCU-j-i-ti ) 




W - VM (-W.| - U-*. ^ 


JlaA-a. 'Ct*~n ~TcAta ft “*Sfr 

m ■=. - (0,00 SAU) _ 

m -C- x ~ ~ (O.oiuTi&vtb) 

_ Vqi (t.-}.£+') 

*^ 1 vgi ~ (:tt*.S0+f>/<O 
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O.OHS lt> 


y t " /{ V4 \& i + W **,') - O.^V^Co^H-i-o.ohs^ - o. m 

u ' - u £i + Ai (*<*,- ^i) - l8OAO+(0.iVX l °71^“ 1 ^ 0 * 10 ) 

= ^1.7 SW/t(> 

n*- ~ 0'7os'f^yfo,i ( i < i+o.o‘ts)lb -'i.SS&'k 

XwAtr p 0 C.&.Ul T"a-t A - ~$ S' ow't'Hi UX -7.S'03 k -fA-V^b ^ U-v-UOS.^B+s- 

^ 7k 

"P‘ LI 

^ Y vV - (o.zarv-o.oksH'^'W -uona) 

(7) — — 3-7 ^ IU 7 
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L TVc_ v'v a,^ i 1 /1- St^ ^ -C^or uj o r L (A. ^^o-’L-^S 'Vnx ■ 
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Problem 


Klopov ; ^ n'jiJ^/nfttUlt^ iT he A -fa vj frot^a- 

spec^W i l nib'#-fc sd-^+c, 

f/f^D .' Dt-k^A«iV\e -f'K*. -f \*\*Jt ■ft v*.p ^u/ai£r. 

^ch^m/vhc -£ s/*/e^ 2Mwu 



gfO&lg. MO^L - U TKi U»aW jX -h^4 (LfGStcl Jyr^W. 2, ftr "f 4 ^ ^ 7 VW — Q p 

ouaA AiCt" aCxV 6 - O .. 3. Vafu*vie /C**ajKT oprtf fp.wf. 4 -. TKj |V|f4rvJ fh 4 
a^<r vtjtlprtv** states. 


A fe^LTSj £ ■ TVj» N/*(Ufi 0^ i'T-c^D inJ«pf*t d iVi'j?#ij t iV'€ jiy«-op<! r+ i f*J |'‘^pUrKCJ 

-fo fi K '-fjKji SV"^-A^ - Sjrtc^ "it'W *^ud n-vt^x °t* 

Ct^^g-e j one ff£ -kkef* /'$ W>kr tpeu^’c - V^= V t . Uj/j^j 

d#-4fi- T^t-Ca. A ""3^j 

v, s KWg-V{.) = fj252 + o.qfo.tfW- l j£2? l 

=. o. i?9l w . a /*=5 

T^- 04 -Kj.- (HopL, Ui^-^yrti'fSfAi-v b*U<iCA. UJ.'-fK as JU**pfiO« 'L / 

Zitr-ir^t +- = Q-~yf 

=> <& =) 


<fo- fo -+■ ®-jv 


c*> 


U*l fo ^ *■ V -ff 


"fluMO j £* 


f i^-Lr A ■" 3 

M|- U,f + ■*.( l/^-Hf )=?(&/. 6 » <■ -1 M 3 .t-W.i-«) 

- T.u.ol.'-f l< '-3(&J 

(aj =jcUi - 

Ht. -. >*o(-4 -4* CfcoWXl^slO 


**fr 


iZi? 1 

/ w 


jy^£ 

ThT 




/d"j* 


- ZfcIZ. tl 


UitiHj fi-fafoj ^konJH ow fo.Z T-4" ciia^y-ai'H for-v'cfo'rcne*^ ~ "LT , Infopofofotij 
tn Tabk A'3 ^W£Sj Wj = ^. S' S'? leT/kg, Since, Ug ; s-hUc z- w *n -f*e. 
sutferkt«Ae4 vapor rejifon,(5^ sA.otAm “fU« -ftcj u^€. 

TfoiS, Sfotfo 2 4-lWtl U t = 2,i4 Z } v t s 0.1151 n^ 3 lleM , 5fo c« 

inin T«4/e.4-4 ui4U l| 1( u^ is foc.drx^en'K-^j we rejoyf fo> UJiny 
Tu-i-evnfJ-ivg, TUf i/uio^tj^civy icc; /T 4o ^foei'i»ine Tj. j df -fo(/otus: 


Continued on next slide 
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Problem 3-65 continued 

T^e- IT cede, is 

pi = 10 II bar 
xl =0.9 
Qdot = GO II W 
delt = 1.95 II h 
m = 2 //kg 

vl = vsat_Px("Water/Steam", pi, xl) // m 3 /kg 
ul = usat_Px("Water/Steam’', pi, xl) // kJ/kg 
m * (u2 - ul) = Q 
Q = Qdot * deit * {3600/ 1000) 
v2 = vl 

v2 = v_PT{"Water/Steam", p2.12) 
u2 = u_PT{"Water/Steam", p2, T2) 


IT Results 

T2 198.7 °C 
p2 11.59 bar 
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PRC 6 LEM *&£» 


fCMO Ltjjvj : RetriaemiitM*ut\d&r$6es & corStaHt-pnusure process. Tbc pressure 

ckvccL f(u mi'+ia-f and -final [/oturti« arc specified. 

Piajd : 3efcrf»ivie ujoA Akvm Ji.€ctf jrans-ftr -for •fRa process. 

504gMA-T(C j, (oWEk) 1>ATA : 


=r-—- — j 

f- 

| R'BHa j 


^ yv\ - 

z U 


- /?= 4 a 2 W 

j, V, - 0.11 r*3 

v t *2.0 V, -0.24 



JNU j * rie. I U'tL- io i f ni£ 

co>t^hutt.{3) kmefic and pofeM.fi«./ mer^y effect *re ams/an-t. 

A/VM tVSl S •. Jhcujoric. 'ts d&f&rrti'mecl ics/lg Es.J.n 

V'z. 0 

W - J = pcvv-v ( ) 


V, 


= (2. bar )f 0.24 - 0.11) i» ! 

= 24 _ 


| ID 5 W *'* 1 

1 JcT 

[ t bar' 

lO 3 


w 


The Jieo/t -f-ransfer- Ls founct Lcsi'ng fke finely ba.la.tf.ce 
*° t° 

A& +AP£t ATJ = Q~W' 

or_,£xj"i+U AlJ- m (k^-w,'j 

£) - pl<v' 

From Table. A-\\ , uj l+'b ^ = V, /»> * 0,12 /a = 0.0k> >*t 3 /kg and p - 2W* 


X = 


'o-, -or fl o .ocd -o.is^imo 


‘ -vs ~ v~ r a o. 044^ -o.isira'* i cr* 

Jl Tl 


^ 0, (oO u 


tX i = U, ir y ( - ^U( a S4-C0.^a)(22L.41-'kU^) 

= kX/ka 

AaA, from Table. 4- ^2^ «-t 'll = 0. II amcf p = lf<an'- 

^ISS.tpk, 

Tkto 

- (2. Ic.‘j)( 2 SS,CjO>“ I47,*7U) k^/jLg i* f 24 k~) 

^ 21 ,^.? ^31_ a 
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?Zo?)LBiy\ 3.6'* 

^mocuKJ A Ic-aoujvi a.vH«iu4 ^ ^ 3p«tifi«A pnes«ai"e is 

cortWneA -to cmt s ukfi. *>V <x. vi^i'A ,vdtU CniwlA+eA. <Lffv\+<u‘uer 
Ok. p*rt - iH<>A. T'V'ft p«ft+i'cn\, U t‘-c.WlOV'«-c(. «■ aA fVs. Hi.C» C.Xpaw4i 
\r&o fUa. mi+jVlUj tvaxuai* A sida. j ««.cU\aj a. j pacified prtssu-tft 
ujbeju. t^uXlila V - iu.nn, l* af+auA&A.- 

V iK)t> 1 ‘b-tf'e^/vivAe. -H*e I'm+i'oii^iAciltiy ciacf-fUe. volw/yie of -fUc; com Mine**. 

SCL4€MAriC k 6lV£M PA-TA : 

/////////////// 


1 w v 0 

ev& tucket 

Z lb 

7 ft - 3 ; 

i 



ivuf \«A S Vof t : 

- 100 IbM tA* 

X, - ? 


S'///////////////' 
fiVia' s+afe. : 

pi - Ho Itf/irt' 



ENKjft.tviop&t. : CjI TV\e tovAewVs 0 + +U.G. wio acefUe closed SijsWv*. 

(2) ~rKe expav\$iu-vv occurs 10 iVU no loorlc or UeaV Ava^sU^-. (3) tU«_ 
VoUaa\«. of +Wa is c<taS fawt.(H-) "Tke. o.r«. v\t> c-Uaw^es ua U\V,e Vic. 

or pofeviHcLl tYier^y. 

AnJA tVSIS *. PivsV,, we Solve +los 'p'rdbWcn (wviaAyK'calL^ . -fkevi , we use. 4Ue 
^of+ioftre I nfcrgcf u/e TKerwo4cj m awitg : ;f. Be^iA wjiVLi+U e-fofai V0(urt*-e. 

V/ =. wi + 7 Af - 3 

u>kere 10-1 - 3 . it. Also, woJ-kX^ -tka.4 V- m tr^ a we ge.f 

"V - ^ = v, + XEt 3 =%, "Lr^ s "u;+3,5 jw-V lt» cn 

X l o 

@ /JovOj fJ'j au-d com. be expressed i p> 4erAvs of- -fk*.« X ( a*xJLx^ j 

fespccf vveU 

• cr 




v a s ^ +x * t1 V' u >A 

V c + Xiir, -V. 'j = VJ. +-X, \ + 3,S 

* J1L 4^ + 1 1 >1 ■*' 

UuSiv\^j JUtU* 4 tuyv> Table A- 3C 

E),01*? IS * 5C f fO.SO - © t 0i7/5) = O-Dl 77V + X J f P, OI77V *) ^3,5 


From 


or 


r z C km«V) ^ + 3.5oe>5</ (*-) 

lOou^ owll eiAenji^ toa(ai*ce vtgc^JLs Aj^ ^^£4-40 => AT3-0j 

Or * 'Ivn -f-e-vr^vx^, of dUt^A. 

= «f, ♦ ‘%-“f 1 '> 

fi'SerftXc[ values -frorvi ToifeleA-3£ 


Continued on next slide 
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Problem 3-67 continued 


23C*.0 3+*i 110^2.3- lU.c*') ' 2-^1 S>. 3 +■ X t ( W 0 r. 6- t* 6,3 5 

or y.^ = x, C 80*7.5) + 12.27 (3) 

fxjjwssfouf (•a’) efe£U t*.voU<.+Ue L*-wk.w.ouJn <| ua.lt-ties' u-ef X a • 

Soivm^ *t’vKu,+tflWfiou.i 1 lj 

X,= 0.Scofc I -•-*' 

' V avtalu-hcul v-Ciu-TS 

X J 

2- 

Usm^ -VU^se vresu-lk CjiVtf* V, = 2.2-Z84 -W- 3 / ir t = S.T^S'i £P/Ib , 

\J - ll.HSI --V 

T^e. IT code, h wtuct\ (-esy {involved •fha* -Hi£ fiLM«kjfie*d SoIu+iok . 
Sc^€i/\ expresst" ovnS it re wri+t-e. n “)^u4 I't/wiafve -}-U.e 5-tve.A uia^howw ■. 

V, j-vr.jTJU, , U-! . fUe Solv-er Solves Cvu.fom^4tc«.lL^ , 

Loi4'Uoi/4‘ v\&sA 4^ -fu-r-VUer w\<xwi^u.la^t -tUe. fi-xp <"€■ £t i*rs iitcjelova \ca (t^- 

TUe Lod.e. -frjtloujs 

pi = 100 // Ibf/in 3 
p2 = 40 
m = 2 II lb 
V = m * vl + 7 // ft 3 
v2 = vl + 3.5 

vl = vsat_Px("Water/Steam", pl.xl) 
v2 = vsat_Px("Wa ter/S team", p2, x2) 
ul - usat_Px("Water/Steam", pi, xl) 
ul = u2 

u2 = usat_Px{"Water/Steam", p2, x2) 


© 


V 11.46 
xl 0.5007 


1 


IT IlcsuH 


1, tK\ 5 g^Luvies -fWaf sh^'ic Z i& iix -ib e +to<5-pl'we |i|uia Vaferr i"egicn\.. i-f 
54fl.4e 7- i< acMjm l{w i* 4W yu^erheated \!a-foc re^ionA, X t ^vJi/or X x toould. 
-tuTV\ ow.++o Vse pVt^sic^Alu w.iafe£t£ono.We > (X\^d it-toould. be \ACc«iar^ 4 -d 
w^oJLi.4^ soIu+iota Y^eVtAtfdl. 

2. 'TUeve'is *xt*Ue-vd ^reemwd taeKvee* +We aviA^-biod awi computer result. 
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PRDQLEM 3-<*Z 


kMQQQA) : Saturated Sol Mutter is headed at <jcmshvM pressure te saturated 

liquid. 

Fmiet. tteterm\ vys dka lUOric omA hea-t -imvisfer. Sit ow dkficf ft ie Ae«f 
-fUe. orange ii/t 

acriertAnd £ &ws*j : p 


H t o 


5°li<A 



<r 


<• SVte-1 : +ripU povvd" 
\| 54 . Sou'et 


\wi=u^ j! Sfefc 4-t 


mods l: Cl) Tht W-^o "is a.closed si^jJ-ei^.Ci) T*ie 
pressure is ccnrvs+diwi:,3) K^e+ic ®o+ew.ti£xA effect 

iue. y 

A-aM-lVSis Tke 100rk. is dek/naivie^ ias\Wi E». a.n 
W = J p<W - p> cv,.-v; > 

From Table A~ k ; I5j s - i.c^os ^to~ 3 irtV£(j. A^<o^ from Tabl*. A-2‘ 

xr *- "^q 7 ^ " /.ooz^io ’ 3 ^£ 5 . 1 W 

i kJ 


0) 


W - Cl bU (o.k U3 IcP Ok 1( 1*001 xio” — l.o^te8J^l£^ , ) ^ 

“ 1 l kfcs. 

= - 5. iZ&XtzT 5 ItJ^_ 


IkW-irw 


W 


Tbe. KeaA" -burvs-fer is -foiAMjl enev^<j toolo-we.. 

ake+ape +■ ait ^a-W 

orj wiH\ AD =■ vmcu^u,^ 

Q. - wiC^x-u,i ■+ W 


■Frowv TqIoW A- t * U. v - -335.40 kT/b^ftAjJL Ayotw fcible A-2.J U 2 «0. 
TW-S 

Q = 0 V^[o - (-3 33.40^} ^ + (-s.UBxtcr^fc^ 


t*-) 

00 


=■ 333-H WTV 


Combmmej (2) 

(SlsTVUU^ + V^pCU^ATO 

- vn pu^ - Cu.-t-p^ f\ 
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PRD&LEM 3.fc>9 

KNOW ft/ • A three.- t solid -liquid •vo-por niikfure of tL,C at fbe. triple 

point is bea-fed at Constant prirss u*e to S^aharate A vapor, 

Eihlh‘. Deier*vnUe -the wjortc ccuJ l\ecJr travisfcr 

■5ffr£MATt<L £ ( x W£hl D4TA : 

Th;, = l It, 

w\ fi = i iL 
( - 0.2. llo 

yn a = 2.Z lb 

<9* 



triple poiVci 



gNfcn. map£j- 0 ) T Ue 14 iO is a. closed (i) Tke prc.ss.on> Is V 

c^KSf-Q-Kt .(-3J Kinetic fpofeatiaf Cnerf t/ effects are. hey 1ty ft Jc. 

hNAVtii 5 The work is ae-FeTTvuwd Es.a.n 

W 11 J^V clf> - P C V*.-V,") 

Frorh Table A-fce ; p- 0.0837 itf/iV, T- 53 . 0 /S T. Also 
‘V'i - £>.on<ii -ft^/llo J ir 3 = 3302. -ff- ? /lb 
From Table A-ze ; * 0.0/b 02 Ft 3 /lb . T^jas 

V, = rn., V. t Mv t T£ -H hn 3 ,-^ 

= O ) C0.0/7V7) + (O Co-offcoi) fC.z)^30i) = Uo.i ft 3 

= C‘t-Z)(33o2,'> = IpieH.H Ft 3 

W = (0.O8S7 )(7 264.4-tb0.4) ft 3 

- /08.4 Ah*.,# ___ty 


I 14H iidl 

i BK 

1 l V s - , 

ITS fM%, 


To d-etevmiwe +U. Wed -Hna.nsW use +k. evie^j^ IooLmacc 
A^fe°+ ATJ =■ Q-W 

($ “ AfD + W 

W /+61 -fror >1 -fke -/Wjfes 

TJ ( = m u a Ci)(~(<O.M) + (t)(o)+(,z)(l01l.z'\ 

^ fe0.7 6K- 

U,_ = -C?.aXiOAi.2.> ■.wifc.i, 6K 

= ( ^24,<p.b - bo.'* 1 ) + (loan 1 ) -2 294-1 eitL^______ 
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PROBLEM 3-70 


Khown: D..*.. .... f f~- - fih— 

..to-*.., «w <.»<•«?“ -l «.«•« *•"•—' 

*3 H. COH I l V WX f . 

r o c ^ f Vv^ d « d * 


Pj (oO : ^ thtoverftll P 

^Cl-iic ^ A T i C f G\\JeN D/T^^U 


Water, 
iniliLiltv jt 


Piston 
D= 15 cm 




i f bo 


j. l> '*o.r 


Fig. Pg jo 


kUKLYsh : 
S* 


{SAODtlL ‘ 

I .The ioJk .** *** pijTLvi-oj/i«der 

.. / * jcVhcVc 

2 - ^ ; 7 cf^ ^ c ^ bMt - ^ 

- £**»,?£ «.* r 1 “ ss - 

3. vW*** c"' 1 ) °c 

*. _ . . i_ p c_ cr A „ 


3- vWr~* L-r^ — 

a* ^ ulu ~,< .‘r + He ««';j ^ e '* -vtode, (««-*. be Eg. Z. /?. 

TWu £ r ,__ -c^l <0 

vj ix , f p^» pLvi-VTJ x 

J -+k^<* ui HO p t shr^ vwo+l’tvt c^lu^e 'S^' " J- 


* + £ cur a -S"f» * *0 . 
= VVii_ 


VJix s ] p* v 3 r V| J 

.... .... w„-:» <—*■•«« “ "', < ”’ c ,T c 

_yij.V a. j ¥ " > w ‘) a „ 


u) 


^ - vrs , ^ L| = 

- 3.$3<to ** 

-4 


da+» fre>~ T.< ■* ^’7j . <. ((/ I 

v;--vf + u ‘" u * + * 3 J 

, (£ ^ 40 . 3 [<-^-^ w , ^h+o-3^.;- ***y 

’ 7TT + L . r ‘o’ J _ ,^? 0 }k3 

= 0.50847**' |te J 


1043.9 f !il 

K* 


„ _ yl -U.vf fc'u"*? 

■> J ■“? *** ** -ly 

- ] qr^K/O *> 1 1 _ 

' V. ^ 

^3 3V *- •=■ — - 6.14* n-4 * 

\ ^ ^ 

Vra f CV»-v:]=0b*^\-TO-j l J 

lt = Q.io k 3 


w 


ULS—J . w,3 = J 

^ ^-.^CUl-“0-+ 13 _ li32lt+0 ., e tr f-^^S ^ 
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Pfcc PL.G m 3.?/ 


O ; Wt r <lor\ i-cv* 1 b^e ci » Ol g* pir ho^ ■* C ^ 1 1 *\ dbu*- a i t *,. LL ,. j. * „ j. „ 

- - ' j Hi Se*v b l j u^da^o*^ tu^ ^ je A ‘fp 

<U^S Ia4^Vlj f-oU^wcd fcg c^x+n-x* - prrU u.fX p^eJCai 1 £ 

—Ste+ckT. v p-v* o^ + kj p^usw; ,•„ :e^,'es. ftse-ac^ pse<j.sc fy *.4 

f £u/6n t>47Vy.» 


1 1*^* "” "I 


l \M*Ur t 


* M^iib ! 

i 


* i 



3 


t y&ft- Mo o£C- 

/ t T^e ^ja+er^ ! f 

'* ^ c ttJfocf ^yr/r^v! 

2* ft>tcA'C 4*H^ 

p^fr*fAkJ> e-ffrc/s 

3 * Vjf ^ L^nn-v^ c j 

P^J-j ^ Or-fcl Irt^DdC- 




A*P ^l^TTl £ , F&f pr oc^t s 1-2, , f <-* p rs dies ^ov^e 

^ + $ Qj ^ii-o t w ,* 

* * € " e ^ * kwvo / Gxs-t^^ <$ - 

COjz. - tw Cu t -u,) 

■Wi'+k pivvv "Ti.Milf^-3.E *_# lootbffru*’ 

l <fH*{+U'*l-'*f)* * W . i+ ^f J(or . f . f ^ l38W 

v a - v '-f **t f^- ) ~ fl 'Oi??V+o,Jf^.v^y-o.o/??/ ( )r _?.sVi ■p ;f //4 

^tntu. Vj.= v ( , ^ ua .(, ^ A .| S t»-tf I 1^ ebWncV u;.'^ d^-k 

"£ 4* £ e *4 - 2 3*o **/T 




U 


-=- f H^-Uf ] = ZM-r-l o-SM 7 t((;oo.o -24?.^ 


©n» 2uC S44.1 -?rnj I&r =4402-5^-^- 

i® 


Ftn- (^USS 2-B fk, p^jrt^rr ^ taithint ; 4-U«; 

£pdV a - a.jb^‘oo'if 14^ ^)/4.l3+-is-fl)±f 

■#* " 'it, , 

U-Uj.« V3 ,S fr<^-T^*A-4- *+• lesifef/.*^ 4oo*f: 

Qi.-*, -- -t Wjj ^ -444,3)2£- +n.iQft^ 

- 4^ro 0h^ 

u 3 "T^b^c 4-^ <or~ s+bJE* B f 




?Wf 


-S-ZS^ 
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FR 06 Lm 3.9-2- 


KMOujaJ : A system consisting <*£ Mi .0 is ccnn.prc.ssed isother/naliy an.d£ -men 

is heated at constant volume. ~t>aj-a. a re. knoujn oct each of fkz 
f>rihc\pal sfateSj And-ike-H>orlcU JLkouja -for process l-i. 

F/ftJD : Dthennilie. tUe. heat tramter -fbr e.a.cl\ process, 

SCHEMATIC: j, GiVEtJ T>ATA : 

State I ; T t - Zoo °T P 
V, = no -ff 3 
* -90.6 6#u. 

State z: T z a r, 

Sfete 3 : V' 3 =\4. 

?| «/2o Itif/iU'** 

: r k i) The is cl c.|ojc^ sy*£fcm. ( 2 ] process t-z occurs at c.GJxsfci.n-£ 
tenyertzlare. wd process 2-3 Ogcuyt ctf onrfujHC .( 3.1 Jtmefic a*U. 

poteu,h‘od energy effects are negligible. f4) Vaiu^c.ck&n^ it i-h* c^ij u^k mode. 

AwACVSis : First, fix eosU. of -the principal sja.fei. 


r ww " " 

■ H^O 

1 Hi = Z (fc> 



Steie, / ; T t - 30 o‘f=, v~ t » V, /m a /© ft*/llo. from Table A-t£j tt, * tloH.t &fV/k 
T z =300^, *Uk = ^/Ai = ^°Vz - ^SZS -frVU ^ f&jo-pWe fTfcife 4~ze) 

H.szs- 0.01ms j 


x_ = 






t.^TZ- 0.OJ7Y5 


0.6184 


u z = ^+*^ ir « f ^W26‘i.5+ 6^H)o/eo.o-^r?)-5^.s Wu/it 
: /> =120 Itf/iK*-, ^ T«fc>|e A"^ e j* *3 = BWib 

fiJou>, lcs ia^ erteygg fc<2^ciA<ces -p>y ea.c6\ (process 
Process l-Z. : AU W,^. 

($,*. = WL^'U,^ -t-\A/ t ^ 

a (2 \WX8Hfl.5 - ItoH.O fcWlL t f‘lO.fe &1A 

= -fcoo 6fu-^_ f£p 

Pro^S 2-3 : A|rf + ^ fA-U - 

Oj, s - TfKCUa'Ut^ 

~ (200166.3 - fi^.s) 

- ^ 3 3. <2 ©fix*,_£53 
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PROauBM 3-7-3 


KfiJOtOfiJ : Ammonia undergoes -fu)o process s in se-n'cs in <x 

assembly- fk<L f rest a t constant 'UoLume awj -&e 5<aas-K£>( consjaict 
bcmperoJure .. Dd.-ftLo.re. bnoum afeack of fkree. eKtt i-fixtes a*u£ -ffte 
heo-t 'fr^m-for- /$ j iVen •for' -Hie Secc?^ jprotcis. 


/=m;d: J>eform me fa) fke. fieaffotHsfor -for - -fwg -fi rst process t a vwJ? C b) -foe- 

* 4 )£ 3 rfe. for -Hve iectW protes-s. 

SCHEMATIC. 4. MVEhl OArA : 

p,~tzo ibfJiiA- 

x, o 

T^*IQG“F 


[ /}irm>ioni<x 

m = 2. 2 I b 




“5 *T*. 

*3 = /.O 

£) - - 9 83 6fo- 



emsg. fyiopg-L - j}j e ammonia, 'is closed system. (i) The processes occur at 
Constant vokente and ccnstti-H-t ■fem.p&rAfu.rej respective^. (JJJ kinetic and 

potentia.{ Cn&f-g y effects cine, yicglijl^lc- Volume cWye |'S 0^1^ u^or-k. Unode. 

/f/Mi'.Vg/g : Tine hetef Transfer Q,^_ and toorlc art found uxi^ energy 
balances. First, foV eoxin ef foiC principal sfofos , 

Shzfe. I : fl - 120 lb-f/iK 2 j X, -Ko => -U, = 572.73 SJWIb (miAsM 

'U; = 2.97^5 ff 3 /U» 

,?-.- '^.= 1^ ^ 7^,=- lOcfF j Xn-ferTpola-h'ng lm Table. A- is C 
589.n 6fu/lb 

Stare 5 : T 3 -/Oo“F^ x 3 =/, o =r> tt 3 - S7b.5( 6 ki/Ui Cro 8 )e 


(eo The. energy balance -for prctdss 1 - 2 . re<tucesfo> 

- Q.^-W l2 _ 

0.12. = VVVCUJ.-U,) 

- U.t 1 bHff 83 .n- 5 - 72 .T 3 ) BWU> = ifc.n & k- 

di>i Siwi\arlu } -for process Z -3 
J A o jtO 

AfcEfpf’E f vnCUj-Ui) =Q 2 .3-W i . 5 


(2n 


Vfo-J = Q-2-3 — 5~bt 

*■ (-903 &\u^ - U.l H>)(S7&,.5/-S81.t'l)dfr/li> 

*-ll.OS Bfoc^__ \a£. 3 
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P£oi3(.eM 3.74 


fcMOiutM; a. p.i h«-c-jl.^dn- <S.sieL-^ t ij U -hjA? 

ivX' T-cr ~ie£; 

P n C io*ft** a | : C0nS ‘ an ''^ n,pera,ure compression ro v 2 ~ 

11.19ft . during wh.ch there is an energy transfer by heat 
from the water or 1275 Blu. } C 

Process 2 - 3 : Constant-volume heating to />, = ]20 Ibf/inA 


FrN/P; s 


EU** isrecjjr#- ■ _ 

r J 1 n I^r f 


S’CHr£fY\fii TfC 7 0. V l/^v 


£Mt>9/ 


^ °» T “ v ’ Find W,^ AK<a , <$. 


Z3 



/v wa t<r ^ cj *7* <£*_*- ^ 

L-J ly J , 

Z* ^ UvU'j ^ f 

3. c H<^H. ar< 

A K-M U. YXl 5 I S V4*f d c* fijt.gcj tv j X - ? e P <a^ d 

*» - Vrvi ~ \~- ' . In *—,~U h «.J w. TUA/i-Vtf 

^**1 M, n tto^.ot. s+u//i. 

/^~VA-fce ^ -p 


x*<*f 






^ ib f*> 

lo.t^ ^ ioo e p TVbi* -Z^ 

^ *' '^ft . 3,73- «-o»W B 0 . s*7-S'2_ 

^ ^ £. 432.-cr-oi**#T 

*"* 2 - + *»l u 5 *Kf ) r Zi<?.‘r~*.t>- nsz( l<oe.O - Z^3-vJ 

- I'iJ-.t (3K//i 

H«j ■UjiO^ ..^.J £ '" 1 

T*bl< G , >"« l<« S 3 Ct ralvr^j vajoer-, Sbj 


'-^ j K *J «.«.j P 3 -.icIbfAV 4 . r?^ 

, >"« T ‘ ~ 

1 ^ 3 = U^ = no ?.3 0 h-//i, 

A ~ * 3 >»-Uw.m. frv F^u(_, »f 1-7. Aa-n-ds A 'O--J- ~ <XL-\JU TT^s 


= — ii?r/3ivv- 3lb(W-t- Ho4.ofc]lHw 

‘b 

r - Zb 4- 4 2- 8-K*. 


W.j, 


S-t—-*-* -H—* |piv^v» dj0 4j i^-uh C Wo l Liis*j 1^ C^rvu" ^ K+J y — o „ 4->v ^ >^<rv> ^ bi^ lun ^ 

P^a;i 1-3 


^ (Mj— Ul')? ZU>( 

^ io?J? 


^13 
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PfcogLeM 3>?T 


K) Qu/<M : cu^-t^^ed pift-uvi- d<er- arre*VL 

iVl r-e^ier. 

E (bi]U Stfaiu^i F Q ^ p^cerr. 5 Wck+M, ^ , + H Pc^i'e/ 

^ ^ p- V 4*'a<jraH^. 

SCHT rv-^ A tic V *iv£^ TA ' 


Process 1-2: Conshmi-pressure cooling until the piston face 
res Is against the slops. The volume occupied by l he water is 
then one-hall' its initial volume. 

Process 2-3: With the piston face resting against the stops, 
the water cools to 25 “C 




EN&ft MOD£ L : 

1. Tkl Up I n -fJs 4 pi's ho* C*<h4rtdt.r a J h !■* <*-£ 

2* Va io (v lc cLv^-k^p is 'fkji oiT .ij mcJe. 

3 * K i po-fe*^ K^-4, 

c^jej arc 6-i?5*A't 


ANALYSIS . S.ica vat^^f c<M> rt jc ^ «*/*j U> 0 -*. LvcrK C* n U* <? Va lv <Jr^ 

-fr (n- E ^ . 2 - /?* / j SA /^3 30 Si na p 1 ?fuv\ cb eJ *wf t O3 Q^+Ctn f ) a**xi 

Hi- JpdV a v»p(iT,-U;) ^__y a 

Fr^TUJU A--t i®b « 0 V^o.awm’ftj, u,a 30 *+ Wfcy. At-**■£»*, 

v i- v, /z~ o-5£*l on7os-V , iJ • rk,H *z - Vt - v * - f °- l? ^- 1-1 - < 


, „.n?os-V 1 ^ ■ rk,H ** - Yf_ f /•*»»* - 

' ■*■ K <? Vj-Vf \ o-f»f4-i-n.'»j/«' 

5=4^ jpM Tfcfe A - 3 

u t - tf-l) ^ -t 




n ■rw 


w.x=v- r t ./-,.*) -- <<>•• ^< 1 w *'l tstTK" I Aft-1 = " 1 ' T '" 1 *• J ■*“ 

/\tt+ ^* 4 wr= a«-^ ^ '-> +Wl 1 •°"‘^:% ! 'r^ 

.■.Q,t s - -4- 

_ _ 'Si-'Sf n. IT^OS 1 -t!-* Di V't»C _ . 

3+pAe 5 * 1-1 *" J " * 3 ~ v 3 . V| " 't3.3t«- “ J ° 

TWj u-j =w f + v; 1 CU}- 1 >4)= «c + .S^ -4-o.oe-*/^'*^. S-/olf.n)= 1 1+.33 KCjf tj 

Rjy' J—ot-fsi 2-3^ 


c^xz+efl - <s-yf 


u i-c.^CoF”- ^ 


Gzj 
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PRO&LZM 3.76 


KAJOuM : 5^ste*n <s^ ammom^. urt<ie^o«; *. cycte competed of 

-farce processes. 

F7AJD : Sketch p-iravuJ T-lt Aia.<f^>y\s. J>efermme -faeMcie nei uiorlc.ei*-d rke 
beo-i brttvisPer -for ea.cJU process. 

£J±£MM1L j &U/&J PATft : 


Prt)ce.ss 1-2 : Cow/ttit-t- voUamc -from P-IO bur t *,-0.6 io sakxreUe^ vuptrr- 

Precess Z-h\ Con.sfa.Kt itmpe.ro.krre 4 <*s‘* 28 kJ" 

Process 3-i .* Ctfxsfcuit pressure 

gk? 6 i;. Atopet -; • (jj £^ 5 $^ s^jkm.fZ) Kiz^iedr lc.iHe.hr- 
poftufiai energy effdofs. (si V«»l>"«e ck»rj f ^ toer-i*. *-iode- 

aMaivSis : First i fix tosU offUe. prmtipol stales. 

5f«fe< : p =(o fca.r X t =0.fo. Tt«*£ U = to #•*,(«« ~Wr > s Zffc.fO f 6fc)t/3 S^.ifc-21fe./o> 

=*«.*y W/i, 

■u; =■ CI^-U^ ) = &, 0777 b >*1 Vfc^ 

5+afeZ: ■vz>por i xr^- tr . J»i>eyj»fe.-Ainj iV 1 Tak/f -uj * 0 .0777b vn^fiy 

^JfVcs K. l wi34i.Zfe kT(Uj omJ. , 

5fafe.Z: p 3 ^p t =to fca*- ; 7 ^ - = ^2. 9Z°C , Tw-fcrpotaf 1 U 3 in 7hWe /t-tS 



-s 

, 1 ; i 

b -^ 


The r-eou-Cretl enertjy transfers Rt4 4l«rwiW by uWn-i ewev^u icatamuzs. 

A jo /o <0 J “ 

Pretty i-z; AKtHJPEt KMtu^u.v = Qc.-yT-.Q • «HU*-40 = 6HH.0 UT+ _ 

, <9 ** 

Process z-3-. AJZkt^fs f-Mtu 3 -Ut) - Qu 3 -w^4> V4 a = Q,.,- witu^-u^ 

- (.1)0 .<0 k.3 - 

Procress 3-C- Usi '^3 ^ V 3 , =■ t ‘rdV - j^yv, pdv ■=. m p £ v -ir, ^ 

^ v T * 


r f.° 


* -125.0 fc.>i 


f i 0 5 *llta*j 

i bJ 

1 \ w 1 

U? N~* 


©@ 


At*64-^Pef m(Ut-u^ = Q 3l -w 3l =t> - vnfu. l -u a l *W 3l 

UT ^ 

5 HtA W 2v ^ ^>1 - ObtbO.fc + (-125.0^ - 35 .<0 


a 


n 


\a/c^cI<_ 


i. The f ospfive. Value -for Wt^cU \^ t dxccL^s Hac(jd£ IS a* ^Oco^rctj^, 
2.* A cWtcU. ©ff -Ha at , ^ra^s 4 ^r comVrMS 4 -Uc^ 6}^ u ;W^j, . 
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TEogLEK 5 7 ? 

; One *3 o-f t****'^ UKsl*r jw 

Of . 

P f n S : Tie Ws *m»vic -Kv* +k-« -t-^x'cc> * 


-+her 


i cUj c y dx 



£>Q6>ff. M5p£L ; 1 * T*-* UJ^kv' ,4 +k* (JWo/ Z ■ (4 *fk* s _ 

o* 1 / Loo^c e. ?. I^inc tic. Ak d pc fa * -pfj Cam b-f < j rr cf 

/^mjauysic: TKj "o'^ ^ o -£ ^ ^^ c-Ok t - n 

C fee d< JCVC ii' *4 £ *) S * ^ ^ j J ^Wc^cJU “ * ^1$ -+ -4- | ■ 

?fQC*%c l-li l C* S 4 *^^- U flxe'l ^ Pi - rtb*^ , fv< 7 w* Ta*J^A -’4 

Vj=o.??jr^ , U 3 , 1S?£<Z *-3|*S 

* v^.jV. P w.(^,-.,'), (,o».,n^;|(^ ? )(o.i««-»«+>)-1^_| 

= miK3 

Am M, ]q*. IAm c < J _r i* ‘ 1 O^ "fl* ^ i ~ ^"UT *¥ ; 0^ 

Q^w^u*-u,\-* W - (L^l3ai.8-2s«.bJ-H8*7-1 ^ - 837.3 leg 

LT_ J 

u*lvrr-« U-l ^ olo+*i^J f r ' s ^' U ^ 4 ^ Pa. J (” ) ■ 

ProtA^f L-l ‘ ^ 13 “ 0 

.lUj-u-,.)^ y^3 - (ka’fcwA - 325'-S^' - tSfc-6> ej 


Oi ^ 

*3 


p^si 3 - 4 : C?34 = - sir.fl 1= 3 


£ give*) . T**— y ZiTjr- G?34 -U^3Y ^ lV ** 


yo 


34 




SVfcJt* 4 « t-, T4= tb °°Cj 

. y . V>4- Uf . Q, - MOt '' / ° 3 _ - O-H^ 

4 ~ V^*v t ’ 0 2o? 1 - l-I*th o3 

u**. h»-^(«3-u4-)s t7^ f(.-»(o. fcii^rtir.y-fe^^.U^: ,ft7 ' 143 ^ 

^ u, 3Mi - tir.fl- CnG^ 1 “ **« *> - ti‘-<* *3 


Continued on next slide 
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Problem 3-77 continued 


'p-t-exuSS ^—/ ‘ -O , 

O 

<S?4L = £>U~ -+ 1^4-1 = ^ CU, - U 4 ) 

|9?0— = WZ-ticJ 

*5 

TVjl wlV OO or K k? 

^c 1C L.: + ^ 

0 ^ isri-f o + ('' |,( ") + 0 * 77,i ^ 

To G b 'Ui K ^ 1 ' n j 

CQi2_ -+ + 'S'WlfcT 


L ^iw 


i1'-pH.Vo.or (t°/0 


(T) cWjcfcj -frv* -fc c y eJL^ CSScyc,^^ =_ c ycJL^ 

CSc^cJL*. - CQ 1 v +■ -fr- ~f“ 

3 837-% -+ 0 (.re t) -+ (-S-/S-. ?) + Ta -t - 

ivU^cW ,'+K Uiyju. i UJI^-K ux>ot-te. ejOA.*h' b'es>. 
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PRQ&IEM 5 -T-r 


•' A system consist^ of fefrigemKt Z2- uwUrqoes a. cude co»)pcscA 
of-three processes. 

E/a/D/ . Sfeefcii p-TranU T-v otay rants. 7ie-/er/n^e fte a/c/e net uJOrkan^ 
fitt heat fmnsfer -for eatK precefs. 

SCH£^^rtC i 6 U/ 6 A; V/fTA : 


Process 1-2 : tons-fant pressure, from » = 3o IW/m 2, 

•X^O.qs -jo - F-~ - -I- | 

Process 2.-2: i-Si^erirta-l wi+U W*., - - H.&2 Hkx- to ‘ .} I Q 

Sutu.ra.feiJ Vapor [jj**"' S3 jj f 1 

ftoces s 3-| : ^c/iai>afio e*p5iAS(0/\ J £j> 3j =o 

e_MGg .&!&>£(_; it) -fhe g-22 Is a dosed, system.(2.) kinetic &.«d pote.nfia.1 energy 
oJre MCCj 1 Vo^t/t-te ij 'f-Ka o— 

jfrMlVSK : ^ '" 5 t< trwn -Hte refrigerant fahlcs.fix eacU state. 

state t : Table. A- 8 £ at fi = 3<D (fcftut 1 a#ui *, - ©.gs 

u . = ^ +*,£#, “«*,) = 7.3et6f5Y?3.fc7-7.3fO = ff?.3fc S/cc/lt 
'F' 1 , + k . t^r U fA " °‘°U76t 01 S)( 1.7*30 - 0.01175) = l.SSHi ff 3 /lt> 

State. 2 : /toai rafek A-?£ /> =/> t^o°f ■ = yoo.vo e^/ib, 1 r = y/*8s8 fH'/fc 

State 3: T 3 =-Ho c F^ sot. vapor. From Table. A-ie. ■ u.=*?8.o8 6ki/(t 



U 'LF 

The retire A cncr^ -transfers a .r<c detarmmed energy balances . 
Process'J-2: Using E^. A-llj W, t 3 J paW = vn ft (v^-ir ;) 

W (i = A U>)( 30 lUfiV-)(I.^Sse-1, jjSfeM) f-B'1t “** ~11 1 BVu - 


= '.62^6^ 


Oi-a. 


Q 1.3 


O O . I -W 1 ElTT 8 ft-tkfj 

A^+^+iMtu.-u.) =Q, X -WU =£> Y*tu v -^ +W t * = u.fcT 6 Kl^ 

Process 2-3 : =-n.S2 j +£#4 tmiu 3 -u v i > CU^-Vaj^ 

' Vwtu,- 4 .S-IH.IM 

frocess 3-,; t/e^a + vn(« ( -u 3 l -W 3) 

- ' V^CU.-U-i'i - 8.T 2. 0kx. 

0 © ~ UJ 5 a Q.BZ?) -P(8.T2) * -1.2*7 

1 ■ negafiVe value For Uriy t fe Iiodi'cafes. -the Cycle TTa. rtfriaentiem cycle. 

2.2V c-neci. of tfee net kent -/>^hsfer «>«-frrms -fhar @^1* ~ ^LjcU ■ 
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PRgBl&K 3,^ 

l < QuuNj : proi/r’JecJ ^ fr*oUL£ r o 4 2Z *'*i 

p^h> n ~ ^ ^ wi ^ 

Fi i^op. ji^u) jr^ fin d VJ (Si - 


Schematic * C-w&m P^t~/»; c* ot«, m.od&j_; 


r 


P Ce^t*** t 



J. Tkj R*i iK^ r :WcjU^ 

<r j 

2 , Voi* wvv c: c. c up L +^*-* ^ ^ fe 

j TV-* *-S claj 1 *-*■ ■ **■* ^ ^ ^ 

4. KineJVt *~<J tf£d* 

CLs* h* b-* *■ ^ t'v&r £ d . 

Ato^vri^ ; u,pri£ ^ a* vc^ b ^ 

\>f- fpdV - ^ f pdtr sl &** 


v: 


CV" 


<0 Iqj5 


V^ v - £ 


T 


Tyci-, Ttt-Ic P'-^tSl^y Vj=.0. 041? ^/kj. TU^St^t* V 4 i^aj. 

TW », M^r ^§S)U.04i1^)^o. nil? ■ Ac^i-'v,^ 

^ -- cp-s^ x *^x 6 '° 4u ‘ f 4 ^ ^^ I ££~) 


- -*g_ 

R-t ^ ^ ^ At *n e La ^ cj^ <£y£T-£ ■=■ &> f 

(J) , L - -t- ^ t yi " U f) 

^*o.»«»‘- , i^ «■-' J4S.S*«i«a. 

_ . 0 . 0 -«(JAJ.ST- IU - SM ^ 

: - Ifc.n-w -*• S'- tJ 


V/I 


w „ L J* 


C&M 
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PROBLEM 380 


k )Q O (u INi: pfox/*«U«i ft. jo^cc^sj. of £e fr/gcr a « t Z£ Coi **- Vv of «* °< 

p. r+vrt - <bw* “ks W kv '' J ^ . 

P^NjQ : For + Uj joroc*K , J Q Q • 

TcH-rc^AHc c * £ M TM TAi 



£->JCC. Mo pe t : 

. ■ . J * 4kt n, 5 /»»t “Cw^i*\dtr* 

i Tka *?22. Cc^-hMncJ <“* J 

4 »/'*"'■ 

2. e>*nje w *'/ 

- J * l a J tlu pv~ - C4HT^»Kli. 

■j . T 1 '-* {"•ecus- <- J r 

+ *v«fe. W po-k*+ t ' a -* 

AWAkYSlS*. VJprK 15 ft^^d 

\M.,= I P-<V=“Jp« i ' / ' 

■L^Vv') 

^»i - P.^i j (fjj* Sxa~jj* 2-0 tl ) 


TL.v/tW, fv +<-* ^ Jbhu«e<! tu,+k P.jP L a " d V ‘ J ' f ** ^Y''" 

a \ 4 ^tv 




^ - f ^lY 1 ^ Za. ,/ 0-OSflM , S'ol^rtA 

;-U£/ ^ v-Cs^rrv v 

= ( lo k ,) f feobft^(°-0»3a5v (AuQfi.ortf^ J j j _££* 

L i-i.ofe'i ji ibfc '" 


w, L = 


3.H.J 


r-3^1 tO 

Av\ fe*-U *-<«-*. 


Wji 


/o^s &XJ% LDiz-^z J 


fl) a : V>J, l - t .^( | Ji'M 1 ) 

= - 3'Ufc'S 4- io< $ t 4S5VSi - aii'- l( » ) ~ 
= -fcq.nt3 

k/U>u( Uj OL^vd <Xfe f>~- 'TVt-i-4 
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P^oBLGm 3 si 

KMQwN : ar t 


c^LVisUr QS j^e kvt t?^ , 
P ( fvi O'- For pro<UiST -ft*** ^ u ^ 

- Sr.H-rrvift-ttc *, Gi\/gN Pat/}. - 


pro v> <Ls d "/»v» & p roc< JS" 6 ■£ C -C w,r-^o a-'m.'o^ C.o «v n ,e ^ Co, ■ftfc k ' 


K. 


r -1 

i (A^*> t**®*** a, j 

* h:^K9 1 

l U 1 

r t 

r 

l * 



rj -o -S'tar 
r, = - 'o't 

"~p 1 s S‘-S'b*r- 

pVji CiWlJft" t 



d <&, 

£tOfe£. M oD£L 

J „ T' u —© Wri -f cJ i m + U -J< P - 

c U -Kw c. L»j ■ d t ^ s ^ . 

2. Vo U* I "\C C * i£ "H^-S »v\Lij twflr ^ r 

J. T*^ protJ rr «i 4»J«-r- ^ ptf= Ce^J 

4- IC.Mth'c. fi."d po^-xh'*J tnerj^. e.fl«c.fr 

^ * bL^tL i . 


Cv^ 


AuAt_YSiS\ x*^ LAJoric uo' M 

^ 0 

f pdtr ^ 

<l <g) 


w 


■ 2 - 


■r 


> J v ■ 


W,i r "•'(ftV.l ^ 


Cl) 


S„ Wk _t ft.O-tUjT, ---..% s "“ 

pu-=. emit Wt j p. ^ s p. V-, ov- v t - xr t = £|L) (i rm)* °-* 3oJ ^ Vt 3 ■ 

X„WpeUKnCj ^ TiXJL. A-/r w.+K Vi. a^- J 3 2<». X I «/Cj . 

Ui.^e^io 3<-t 

w, ; : (^cj^.swX'.^^)' t *'(%r)IrJr jjT^x,I 

S - 4?&4- * t ‘3‘ 

ja ^ rt ^ r ? < 3 b *. i a *\<l* / ^ TLT+ - <S>, t - Lo. 2_ ^ 




|C»«L- Ci Vv fll 0-^v 


C?,i - 0^,1.+ vw (c-tj.- L >.) 

. .4Sf4,:^^j( l1ic ' ll - niJ '' h '- ) § 
- » H* fcTT- ^3 


C i: 
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P£o(3L6M 3.S-2L. 

fcioptu M_. are pf'o^i'oe* 1 •for' a pnxj>ss a f 

p*sb^- 

P/N3p .» fcr f 1 fc* c* ^ £ *v d <2 * 




SctfifMTic ^ 4iyc : w ~T>a ta : 


MaD£?^ 


—^KiiT ~ _ ■„- | 






1 ™ 1 

1 » 


rsr 

'__ ^ I 




?i-o. I mP-^jTJs/SIC 
P^/M fl* 

Wa - -3^*7 



*X - VSpIuha* Ow/y UJor-t 

3 ’ Tk# ^-oC4ti U cLs&t**‘i Ltd pLT-i 

4- I^'ac Kc enerjjj £. f&cfe 

lajL i jvsoreJ - 

A T^> j Vvi.j o f. La 

AJL^^irrd* TkiC c+*x f*^d ^ 

ffv" WlX • 

TU^f uuort CO\feu frrw^ 

W. n f ^ f pd<f~ „ 

J ' r £ __^7 


-TUur, UJ vV r V;)-^ ^ 
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The ideal Qas equation U accurate ibr fames of pressure and -k-mperafuns 
for which 2T»/. Vie mighi arbitrarily consider rhe ideal yaS model to he 
satisfactory i f 0.1s £ t.05 (£% deviation). These //mite are. illustrated 

On ike compressibility chart beloto. 


* 

Ck 

It 

N 


e 

a 



Reduced pressure, p ft 


Figure A-2 Gcncraiizcd compressibility chart. p K ^ IG.O* Source: E. F, Obert, Concepts vf 
Thermodynamics- 1 McGraw-Hill, New York, I960. 


for at r. Table A-1 q ives; T c -1 S3 K, p c = 37.7 bar . The tbilowmq . 
oi?serv'aHoas dan be nia^te fre/ii ■Wifi. c hart. Tht ideal $as model i-s 
reasonable, iokev\ 

• p^ <; 0. / , for di/ temperafures (p< 3.11 bar ) 

- for Tz-2,0 (T- Zbtok.)} fg< 7. 2. CfXZlibar ) 

- for Tjz =-?■ ?(Tc 333K ); fc <S.o ( F < 18 ? ) 

- -Jbr T a 5 C T- 46b K ) j p^_ e. 3. y f p^ /-?2 ta-r ) 

• for T* >510 CT=6fc5fc )j /’/J.Z ( /Zt bar ) 

'for Tz> is ( T - /«£); jP 3 < 7,(9 C F < x£,q ^ ) 

•■for >2.0 (T-2&kk:); %<3. 2 . ( F <tziba*r) 

Tku$j -for many common application?, air Can he reasonably modeled, as <xn 
ideal aaj). 
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Referring fo P> 5.4-1 «f P^, , 7 ^, ftj, jT*?-,. iUe. idfiel vnode! is <xpfl )ca.lole. 

7ku$ / 6h= Cp dr, cohere CpCT) Ji cbbui^ed -frcfti TaUe A- Zl. Tha.1 is 

<y<T) = R (* tftT+ 2fT 2 + Tt 3 + €T h ) 
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IT Code 

T1 = 320 // K 
T2 = 800 // K 

hi = h_T("CH4", T1) // kJ/kg 
h2 = h_T(”CH4", T2) II kJ/kg 
delh = h2 - hi 

IT Result 
Ah = 1489 kJ/kg 


Alternative solution; 
cp = cp_T("CH4”, T) 
dh = Integra I (cp,T) 

Using Explore button, sweep T from 320 K 
to 800 K in steps of 1. 


The anaitj+i’crt/ IT results con-fare. 
\Z-Artj -favorably. 
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Pressure-specific wiume of air as an ideal gas (SI Units) 
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Press ure-specific volume of air as an ideal gas {English Units j 
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P / ^sJ 0 . A,f ^ df e ^ ^ w* -K^_ Pj *^us—P i*e k\ c r» ft* r£ 

- — —-- 


vd Q? 


r kcmuvabJc 
pan J( ion 


fniLJjJly; 


Air 

V, * 0.2 m } 

I 1 

Pi ^ 5 (kit 


T, =500 K 

! 1 


/, Xk_* C dfrXtd 

V to / X 1 *-^ Cjv^.d^*‘>ve^ 

-fu* p**-K^V* 

2 . Tk, £i,if (o J 4 S t.t Ovt 4 ({jl*i J A f i 

3 . Tt^Kt a-M, c k4rt^<^ l^ 

n e* ht c*v- b'+-% € n c r *Y*% 

4. W -0* ^ 


RnaJIy: 



^5- P 3 A 23 


A^ai-t$iS; 

U.S, ^ -tw *^-j| s i .^ j 

P^V\%L^ ETi. . Xkut j 


*[rw]^ ft]W-«»*: 



/Vv> «n«r^ t«-l«. MtA u^ou^ -ft, 


rf n — ^ 


^ ( Mt7i)_u£T, )J 


v^=. y.v; , (sx^faXQ-z-J) 

fn ' (STiwM = 3 


Soj u.^ A-V -jvw -TSeJU^-il. 


62. - o.T- <$.(iJX-2.8- ?r5.4t)t3 
- - 126. S <7 
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TRo (3LEH 3*17-4- 


KMDUzM; /Air cxridi vMsmov,^ ,o _l . j _j . 

“- P are =^*<-d S, df*r 0 f 

o- c^-kiv^,- bg <*, p ar *-K«^ fee fc 

- '^ Dct^^w'w* ^ Xjw. /. br-u*^ le'^pcsvih^r'e aW ptusiuse.. 

MlSvj fhrvoi ^(m-^c, dcwp.'f^ by h acts 

_ 0 


ScHt t MrtTtC * £ fV/£ AJ 7p/1 7V|.- 


IniuljlKin —| 

fKir T -—_ ;_~ -- 

i— Movable p*i 

P_^_ 

1 II 

co 

Air i 

1 Hi - 4 kg 

m = 2 kg 

p-llKiT 

p - 5 bar 1 

i r - 450 K 
l 

T=3S0 K| 

1 

i 1 

J 


~-™J 


%. P3.124 


cjog g. m opgt : 

1 . The s^4c*^ ^ -frh* co^Ki'rter *.<>.* 

2, ftr +K^ r/skht^ w “ « O 

-fHere r; «-d « 

c.hfk po + ^K+l 

3 , The p&,r h"b ^ C p ftXVUn/C ^ 

^ L 4? PfTVA cdLo C /> a^-K 

i»t^< crf-hcr^ foff/ 

j^c? i'n frtf Pjf ^ . 

4 - ■ & *cL-\ ^ o r (4 **i*df if J 0^0 1 d l •-! 

g a; w.tA c-f 39$". 

Aijai-TSij.^Akv ^ (,* 1 feMfC re ^ dj + £^-i-.^p£ - pr-'Ssr. a<~ 

A7j~ - O j inhere AXT - ^^jeo 4- t^-TUr 4 C/^3p»r 

(A^3 co -tC-^^A.r = 0 . 

V^J,+k £|r 3 'SI? + hv * to 1 ^ MT*v,f J 

CmCvVo f. T- +=0>O ("CvWCT' 3i0t J =0 

U ‘"’T 7 A. 

^ F-t I.MM Fy-fC 

C™-- H = = 0 T27 ±Z. 

' *- i^r*i *y& 

^ C« wC * J ) A ^fe*&fc ) 

C'^^'lco C^tvjAir- 
. -^11 h- &g ? )( g .?^fJ/ c> .|b)G»^j _ j, ^_ 

&^(o >o «/cvP) +& c /X»-Wfc’/«^) 

M Tu^ Iftwk where "V' "V£*-k 'Vi„-- 3-C? a*d 

Vh, 0.4^3 

^ /r til" "<4Q* N1 **-M 


Sk*» W , 


T s 


■v; 


to=/ r ~J»J\ = C+X«i»/ii*K+») . -> i.iu .3 

L p /co - f 

At ejvW . cj\ *»d p'uswi'e p W;*h V= ** £ T /pv 

3,o7^ - (m K)^jr J_ ^ ^ife^vi t )cq T ^ p - ^Ori^Jlir *vKE.W]T 

P P 3 


; ^ ■ 1 ^ bn^r 


1 o >* 


] 4/?.^ 

1 l I 


TtWrt, 1 f 
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Problem 3-124 continued 

Ct ) e -f i ^ cJi vrluknfj cctuji^'i ^ ^ ^ cti Are. 


.C**( £&■ SsZX+i** *), , j 

v-c, . Mn)( ^ ^)( w ^_ , „, 

F 


►H 


1-1 <7 TLfp'V/h**- 


Kjo+e^ | (l -+ Vc q - -Kv v» I >-> m e gc &<->{> 


,' |- t* ° L ^ 
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prd&lsh 3.as~ 


IQOotOM -. The. can fen is of fuJo uja i\A&ul<xfed tanks qre allowed "ft) fni^^and 
e^(M,(it>riu.m is atfctiiAed <*3 tUt fempercL-fura of tke .Su-rrouKuAUjs. 

FfMfV . D&fertnme. five Ameu^-t of enevg^ fntAtsfer by keauf omJ. tko. 

-fiUa/ pr«iune. 

SCHEMA-TIC £ CtlMF.hi TWTA ; 

■^16* i,b 
T iq = 900®* 

R e = So >fof//v-i 2 

7; 

gk>6^- moDtt- : ( 1 ) The confenfs of+be tuio fan^s area, dosed &us+e<n.(Xi~ftert. 
as 00 toork..(3j The air behaves, as an ideal ^«.f. (Vj KYuefic a*tdLpofeviftAf 
energy effeeix cavt be nej/ected. 

AMLM61S ' To-find The beat -fruni-fer^ befi\y\ uh+K five, energy bala/wce.. 

4 ^+ ^ +• AUr - Q-Mj 
> 5 ihce -fke fmed state. U om eeu.ifibnw.Kn shxie 


YV-J 


/A 


1 \t 


t, a - mo°R 

^ - SO lUf/m 1 


! J&nicA 


I 


air 


Tqvijc. 6 


air 


A"D " ^n, A +r>i (0 ) - f rn M a l/v * wi )6 u,* ) 

T^ua 

^ -6^iA-'- ,rVl ia)^_(H0 lA a )>v + ^, a u l<3 ) 

Usi hfi data -from Tabic A- 22£ 

Q - C3 Ib)^88.fc7 6+u/fb)- t(OC2SV.fcfc) + (2.X(S9.3 t)] 


= -297.9 6Kc 


6} 


To f»ho( the. final pressure ) -first cfe4er» i'ne tUe. voluune *f eacU -fd .ak 
>ViA ftr tA (1 tb)(2§^ UlHM.O°g) 


~\ A 


(SO \fe*/>w *0 11 MH inVl -W^-j 


/£). (<> fc fi “* 


Vg = 


(iS^icioc) , 

CSO)|iuh/i| “ l3 ’ 33 +f 

Tko-Sj at the -Anal sfaAo. 

y^HTz ( V^C 2 - 8 /r?) ( Sio) 

K (~e) - 


(to.6fe -v- /3.33\|m>y/i[ 


■* 24.6-7 m/,w- 


ir^s 
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?R08tetA 3-i2-£> 

\<1k3oio> 0 : A U cowh«-vv\«t4. *'w a, closed figici 4'd.wlc -fitted uji+U. < kv — 
eAedvic rfSlt+or. Tke conslaw-t ourv'ft-v'E a.w<4 V0lt‘A-j4 (Xvvel five 
ccmSkiuA l/\,ea.+ 4va.yM-Cer vu+e cure. It-no^n, 

FVKJb ■. lehe-vr^me. a.w avcvitge v^lue &4 specific. hea4 c^. 

$CH-E»AATIC ^ GrU/EKJ pA-tA : 


1 


| 3” I i 





✓- W\ = 2. U-g 
M * ~2-& 

At * **0.3*0 *40. 3 K 

w 

/ O arwp 
1Z Vof+s 

£,fc - lo mm -600 $ 


Q--20W 


EMt«. rwoPEL t O1 TWe IS <>» closed 

System. (if The yas behaves a.s av\ 
ideal g«.s.(3) KiVxe+ic cm\<A PohewHa.1 
gwergy effec+s are ne^l’iqiblc. 

A*JALYS\S ‘. To de-Wm irvt +k<L specific. beat 4 Veym an+k -the evxergy 

baldwce /O *o 

4 - APE + A\j - ®. - W 

uui+U £U - m do- AT = v^C - JO AT > ?«*=• 


/b-WN '— g l ?-^Q 

V Krw) + R 

Ne*+, evaluate. +Ue V\ea_+ -hno-As^er a.\d work, vespect-Wtly 

1 * | L-T /e 

adt - Q At --(-Iow)(fcoos) 

6, 


lo 3 W 


tWs 


- - IZ W.T 

W = J* W dt - wflt 

if 

- - (to <j.,up)( 12.Vol+s) 

- -12 UT 


' r V (40,3 K'), 


w/tt -**f] Cfcoosl 

l Ic3/s 

l vott 

l o 3 W 



U8 l<* * * J 



1.041 kT/y^. K 
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P&OFLGM 3.Q? 


^O0CO NJ *D a 4* ar£ j~>jt ^ O Ce*v ~f^L. ne^ Uh *£r*'*'* ^ ‘1 ^JVi J •TJ 

«f- a. ><1 ,iIk> - A i*— Cto^.Vlftk'i +° » "fc* V ^ • 




p^O,’ ptf ^ C ^ c i u*A. I- <_ G£ 4 « ^ h ' vA ^„ 

Tic \ fs<vrw fcfM&te Mqozl; 


'j. L^ t' L ^ J <-£-U P* <zL $ yj ^Ck 
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\ , Tk^ -hxL c<+■ Co 

2 .* "Eks. CG^ u? tLt^il f^-o £v ki _* <ijQ_rfL_4, 
3 - Vc? l v Vvvt 


!;co, at 
f, 2CK)kPa, 

It 290 K. 

.1 initial 

| f volume 

:,’ s 0.05 m 3 j 

L 4— 1 


- PiiloD 


c £ lq UJtfV-t 

4. Tk& Cc?^ 4« ax Vr C*wr In^v4 

^ Tkj ^ +^_* 

-**U c^v,^ ^ £- 

£- n?v% -fu. Ca^ f'iLa-I, 


de 


0- 


- Valve 


^/lh +TC K‘C- kV- -f< * V 'f| <1 _j4 ^ 


1st ” 4 


t CD 2 41 2fJQ K 
1 filially, 3 kg 41 5<XJ kFa. ^ 
' Finally* < 3 k^oiSUOkFa, * 

I 


1 


>4 G\*&*'<*JLt i^v 

' ^uj -J-c *v-h<i—* e 

4^fi>ryt$-. s..c vbiwvv 


-W^rk. 


fU. 


\w 


-'~7f 




f pdTT , L«_J KJ-«_J1 p 


tvr< c*-t_JU <a^ +**“* ^^>tvv t>4 

**» E^>c? jc Pei * ~[ Um^ 


Fig. P 3.127 v0 - p 4V : (xc^ie^^V' 

A\Tu \U c U^rv^p _ y^/ ul14f ^ ^ CJD^ 
T ^ H#jl ‘ + “*/*** fc - 0,© Sm * + jgj 

-=. otffw 3 4 <f pn(H£ ^)( 2< * ^; 

4- o. 3T4 ^ 

p\ ►% < 1 ^ 0 . Vc> 1 7 V ^2_E_3 1 lu V r ■ _| W"ii ia t C G 0^ Tk*. ih* 

s s 1 a 4s, >t*c — 3 , T ^ ^ |i *~t ***-* i j Uji - 11 ^ 

^c,* ; p^v 1 _ C z»o i'o^/^Xa.ovvv* .^ 0 ,^ 5 lt5 

R. t ' /"V 

^4^: fcvl c A 

->6, m; 3+o.it3'_ 5.talt6- 

V*,w = l $?e-5) = O-Srll'*'* 


O) 


( 2,00 JC/03 


Tw- J( -r v o) % \j^ 


\AJ = (zooV(® 3 -^- 1 )fo. f?i. ^ - O- ■? ??■“■ ) I [t a fj.„J ~ 

Art -€ b.u^c e r e^>, £>J- <£” ^ ffL" ° 

■ . I J 1 -a. — .B AVjV /X Ijl 


w 


cU-^e«v(is 4t*- r a»f4A«. » lft~4 fw^Aln-i'i0^4 ~XV-^° 
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PRO&LSM 3.‘Z? 


IcMOLOAJ : H&xf- transfer occurs bo air m a rigid bank. The ini'-b'al sra.be. 
is specified- 

F/MD : De/ermiVie. fUe fik<a.( -tempers Ax rc aW pwure us/Vi^ (A) < 5 . fcynj-loict 

Specific value.a. specific he«f fcLMcficrKjCcj thecCvr faMes, 
■SCHEMATIC j b\ JCU PA-T.4 : 

g/ocft- wool!. ", U > Tfie fl-i r is a closed system. 

(a) The air J>£hftV€S ^ an ideal gCLs . 6) There 
is no u>ork..(H) Kinetic and pofcnbiaf energy 
effects are. negligible. 


ANAOiSIS : lb determine bke final 'tevn.per&tu.re t begin uji'H\ the energy 
baJIaMce a.o % o < 0 

Ayt + APE +4U- Q-)4 

or- aniu^-Lc,) ~ <3. =£> ta^-u., = Ofm C*) 



V -i-H- 

p f ~ 20 lb- f/lVi A 
77 -joo°/C 

" (2. * 6 04vx 


Evaluafimg fUc mass 


pV 

C 3-0 ib(/h 

-fVz 

f4 3 ) 

' 144 IK?' \ 

RT * 

f tSHS 
[ 2.847 

fMfc f' 

j(3oO-=R> 

» W 


= 0.2.1k ll> 


(ft.) For (K amst aht specific, heaf- 

■*V U , - ^cn-TO 

TKus^ 

— GJ 

From TaUeA-2o£. t at T-lOo°F (6oo°fe) ) <Ij.~0.Itz. 6K*/ik- c £. IUms 

t 5oo°|£ 


-T _ (h Bfu'l 
* 2 . 


C*2it It) C-nzeiu/it^ie) 
= U/.5°£«*_ 


0*1 T. 


ACCor■ *■ +*vv»-4. v/o_u^a. Ufed foir C/ w <*~pp**y>n'aJtj. 

"f M. pr^L IJU.l"C W> 


n.-- 


m RT a 

V 


(.2lb) 


i-m-u 


fefc/.5> 


(2-“) c 144 7 


IU/.U % 


0 (b) rrum Tab/e 4-2i£ 

yr 2 +?r 3 -E€-T v ; 

Cp - C-tr t R. 

Cj- = /? (<<-/+|3rf yfV(Tr J /feT v ) 
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Problem 3-128 continued 


Tlaj-s .?V. 

= J C^dT 

T, 

-R^-OCT.-T.) f *1^-’) + ^n'-r.V icif-fy] 

IfiSeH -mg voluej 

ij ,, _/iflSb swib«vvoi- e e^ f , hymnin'- 3 ], * 

*~ U ' • t~ ‘M/tl U./U.S. t) ») 

- . (**) 

Co worn 1*15- t/*^ 5 Ttt.irr¥<rf te.lcLf-iov)$ awA inserh'w tetues } 7^ ijecajvics-fAt auk/ 
Un!trtc.a3i\. Solving /JerMitrely J 

T z = fc fcf.8 _ C b) Tju 

<MuL 7 IWYi*%_ Cbj ^ 

Cc) Fromlahk A-22E, U, = 65.2o 6WtkFfPrn O) 

^2. — ^/xTV + U., 

/ 6 BVu* \ 

'uiribl*' 8s - 2 -° “"^S »“'«• 




I n^crpo|nfiV\g in (cilsfe 4'72£ 

T i = (bbL5 _ 

-26.^7 \UiU\_ 

© 1 7~ 5&UiHbQ (Jessed ok ‘pcvvt h ) 


Cc-J T* 


T1 = 500 // °R 
pi = 20 i! Ibf/in. 2 
V = 2 //ft 3 
Q = 6 // Btu 
delu = G/m 
m = V / vl 

vl = v_TP( ,, Air J, ,T1 1 p1) 

deiu = R * ((alpha-1 )*(T2-T1)+{beta/2)*(T2 A 2- T1 A 2) 
+(gamma/3)*(T2 A 3-T 1 A 3}+(delta/4)*(T2M- TIM) 
+(epsflon/5)*(T2 A 5-T 1 A 5)} 

R= 1.986/28.97 //Btu/lb °R 
alpha = 3.653 
beta = -0.742E-3 
gamma = 1.017E-6 
delta = -0.328E-9 

epsilon = 0.02632E-12 IT Results 

v2 = v1 T 2 = 661.8°R 

v2 * v_TP("Air' , ,T2,p2) p 2 - 26.47 bar 
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pRoQcert S- >2-? 


KftJOUJAJ Air uta^ie rg oejr art ad.iaba.iCc, compression followed ig cons/a-wi 

vaiu.me cooling. 

F/mD . Dc-ter/MiMG fAe u;ork fcr fbe hrsf profess a/ndfW bedf -hcns-fer 7 °r 
fl*e 6«6cmcl 6n& } tcsiiig (a ) <Lir fable olafti. fb) cerruraxt specific, head's. 

5C W EM ATI C <L &U/£fJ DATA: 

■ _ p 

Process i-z: <xdiafe«-hc 
ft = I fcoTj r, - JlOOK 
Pi - IS bar J V.-.IZZI 
Pence i< Z-^ : &yi sh& f 1/o/am « 


t ---J 

[ 1 



1 * ir i 


L 


T 3 = 300K 



=—■ T=300t 


TJ" 


fAjiaft yviopiL ; (0 iW air is a closed -system.(2] There i$ no hear fro/wsrer fot" fUe. 
-fifsf process aMti v\o Ooorlt- -for +U«- second. eme.Ci) The our behaves as ok 
ideal gcu.OO |<ihefie, omA ptofenft<s.| e-ne^u tUedrs arc negligible. 

&A/A1Y6IS: First, c/sinj) fbe ut*.a.t gas eg ua ft’o-n ef s-fecie -jo d&bzrvniae. T, 

A o 


VS bAr)(. 1227 mVfe-0 1 

1 1 C S Af/m l 

1 kT 

( 6.3IY XT > 
^ Z8fn T^R ] 

I ! 

[ Lftr 

10 1 Kf’vna 


- 6fl-3fc 

&1 Us.tv\a fke enenyg balance fbreouf*. process 
Process t-?. : 4j&6 t »»L u z~ u i) “ Art ~ W s a. 

W. 


yv\ 


— Lt | *■ 


Fro no Tab/ei 1 a. - 2<y,07kj'/kj , U z ~ A^T/^,7 /uas 


Wi i. 


v>\ 

I© 


2iy*C7-4fcfc.5 - - ZS2, 

l O 






pr-ocev-s 2-5 : -»-^£ t m(Uj-U-0 =. G:a->->£* 

Wi ^ X 

Smte Ta-T ( 7 W 3 - U l oskJ. $i? J y\\ a W J2 /w\ ^-252,4 kT((c* 
(.LI Assuming a. umsWi 'U'cJjum. -tor 

% - fio-CT.-TO 

From Talale A-20 } a-fc 3 eoK, ^ * a*7/o W/kg-K . ft-us 

=(0.Tt6 WT/lt^-K.)(3oo-b4i. s') ^ 

= ~^H5 kT/fcj*__ 

- MS U'tb*- 


Qw/m 


WiX/pvx 


t-;>f 
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PR.O BLfM 3^ 13 O 


|C fODUJfN : + ^ p^Ui^cLt^ -pv- a.'t- Co^4a-*Vi^d iV &. pus fan - c^ rt ^ 

£_LbL^ ■ LX r-'^3 c^rvis ^»rti. H ipe*-^'c aKd 6*+^ fr-s^ ~ZLLk ^ £k<i NM^^d GJ 

^Chc ^vv Atvc * T>^"r^; 


I -- 7 -r 

A I IK 

j Ki-o.lTIt I 


p; -i /oikf/. 

T, - ST5 0 

t** 



v^> 


P tf^CM fal 


eiocfe Mooeu 

(. ~rk_a &ir 4"^ p*jh»vi - Oui ^ ^ ^ ^ly 

U 7 Clof^d 

Wl ' j_ 4 

2 . T^ v, ii^.kW^ pV 

3. 4+^ "''‘I W.-k. IM*d*. 

4. f***^ 4 ^ +*? 

W 1T& l f . 

£ A,f u wliAid «-» o-k. - <Lm-$ 

1*0 *. P*r+U i. 3,«*/‘c M 

L cMtwt -j* -t**~** 
p.rfcb).-r^ A-wfe ** K “ u " d ' 


. (i \i f .-. d "\ /" Vv\ ( P t "VTi ■‘Vi ^ / 4 ° q 

AkK^LVr^ : \AWic *t v4 l ^ t^x 4 V tA-v- ^Mij. ^ \ P d V --—'——- ^ 

»- *4 t - 

m f- <^^0 ■ <-**"*a ^ 1 3« ^ ^ 1 ^/ 

/_i£w_ J±itT)f sv, 0 %) „ /.}/,. 

_ RT , 1 Iff Ji a £ A - L S^l- f* /^ 

1 P» (Wi-H v£\ 1 +. - 

1.2 i* ,4- r u_* ^ t fuAj. t ^ ^ 

v fc -t«V»*- S ‘“~ ^-~**w, +*-r* 

? , f r - ( iMiV'c 10 itf/.-.O -- 'fc'- 4- lbH> '- v 

* W *‘ ^ * ij —1 j < 7 ^ ^ J : 


4rl 

V 


va 


"TC * /iSiiT 

) 

^ z-h'i? 

V»■ J 

w\ C <H* . 

w. ( p t ^>- p. vr) , 

(or ib) 1 




u ~\-ic) 


I 46h*. 

few 1 


•w,* 
L-si-obk 


X 


v - 

a- ew^ ^,*-4*^01 ^1V—= <3ia-VW a -+ >«( U, - U ), 

ty . *. I W-S)-. Cn-T ) • t«-*umi «v- r^ie A-ioe-j c,- 
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PROBLEM 3 J34 
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Process 1-3: Constant-temperature expansion until the vol¬ 
ume is twice the initial voEume. 

Process 2 - 3 : Conslant volume heating until the pressure is 
again 0-5 MPa. 
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PROBLEM 3,i35~ 


K(VO (Jj ft/ / AiV ^ Lui^ ^Vt ck p - c jfrr%d#^ 

^k^rn-v, ad ^ 1^-ft.Wt. c ^ C^tC n rif'AX^ of -^i u. jfO r (? tf f [ * *v J-£ri’Ci’ 

: S fetich 4 Uj Cyctt tn p- 1 *' Cotjr^' + Hv^Un, f-ft tU* u^^rt rt ^ 

L'*^ VflHjffi*" f-v-e^u of H-* 

'T&^t(Vt^Tic: \ 'DATA: 




^MP^‘sr re cxpansion ac 600 k tr ° m 

Process 2 - 3: Poly tropic expansion with * = k lop , = 0.3 MPa. 
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Problem 3-137 continued 
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S/Acc. <3^ 3 Arc. koi/'A ncjat^uvie j wje cov\.clu-J-^ 

-fer +iit w p*-/p ( - ^ 



423.7 + ^-22/. M) 
Jb~r8 t i 


OJ 2 1 02 ./ %)^ 


Tu.i't'tl Aj> ^ouj 4o J71 


(?i u ~ &) i. ’ 7i<jUi j 


_H. 

Oyp, = <0 


T1 = 300 // K 
pi = 1 // bar 
m = 2 //kg 
M = 44.01 // kg/kmoS 
R = 8.314/M 

W23 = m*R*(T3 - T2) / (1-1.28) 

W31 = m*R*(T1 - T3) 
m*(u2 - ul) = Q12 
Wcycle = W23 + W31 
eta = Wcycle / Q12 
p2 / pi ~ T2 / T1 
p2 = r *p1 
r = 4 
P3 “ Pi 

T3 / T2 = (p3 / p2) A ({1.28-1) / 1.28) 
ul = U_T("C02", T1) 
u2 = u_T("C02", T2) 
u3 = uJfCOZ’, T3) 

/* Using the Explore button, sweep rfrom 
1.05 to 4 in steps of 0.01, +/ 


IT Results f r-41 

Q in = 1676 kJ 
T 2 = 1200 K 
T 3 = 886.1 K 
W 23 = 423.6 kJ 
Wai = -221.4 kJ 
?7= 0.1205 
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PKoeteM 3./3g 


KftJQHM : Air Madevgoss *. poly-brcp'tc process -from a. knousn iVi+iW sktk. 4o a- 
g/Ven -f-tiuil pressure.. 

EWE'- flap fits heed- -hrunsfer omJ. ujorU.-fvr j.o < n < /.t. J~n vesf-i'yck. -Me 
error (Vi hefci -/mas-per HilroAuceA feu ossui-vnU*? arnsHutt Cr e-valucded 
o-f T,. J 

ScaeAWfc j &n/f *J 3 Mt : 


i- 1 ~~ —■7 

I . J 

i Air i 

, i 


Z2<- 

i 

(- 




164/m* 

T,- 70°F 

/\. = /OO /fjf/tM-* 

p-U M = Ccm^tant 



eu&g. rtioOTt. : :(i) The air « a closed J^S+eiM. C2) The. -process Is poly tropic. . 

(3) TKe air i>eUa.Vet As id ted aaa.(*i) fJtfilect hheUc 4txJ poi<u.4iA.f gnerea e#ecfe. 

(-4) y&iv^%C CWkvi^€ ** 't'"'* vr.\y t^Q^ltL 1 “ J 

3-&gm t>y -Axihj 2, Frer^i f^Ujiropic t&$$ rela+urw. 

fi v : n - ±> V t -- (r./rd'"-v, 

TkuSj tol4U 'U- l ■= ?Ti/p *Avut T^_ = j 54aje 2- rs d^-f&irrvtivje^ for 

v«Aueo4k\. Tvuese «pf«sions are etf£»luA.W uitjv^ IT as-folbujs -. 

pi = 14 7 // Ibf/in. 2 
T1 = 70 // °F 
p2 = 100 // Ibf/in. 2 
m = 1 //lb 
n= 1.6 


pi * v1 A n = p2 * v2 A n 
vl = v_TP(”Air",T1.p1) 
v2 = v_TP("Air",T2,p2) 


/TResults (n =/,<,) 

T2 = 627.4 °F 
vl = 13.34 te/lb 
v2 = 4 026 ft 4 /lb 


Tke ajorL is evt-ludfeJ using £ 2.0 a*d £^.3.SV 

W = j\av = w J^dv- - 


v. 


Ci 


C *-£0 


Or.as expressed t/SiKq /T 


W/m =( (p2 * v2 - pi * vl) / (1 - n)) * (144 / 778) // Btu/lb 

To-f-iUd (j/jU-re -fl*e energy foa/ance : +Aps-p at =. ci^W . Or 

vn A U, = (Si - W 

Me.4-U.oA \ 

To evaluate Au., use Tdbk A-lZ 

Au, - W-CTi.) - U.6T,) 

From i T ■ 

m * delta_u_1 - Q_1 - W 
ul = u_T(”Air, T1) 
u2 = u_T("Air", T2) 
delta_u_1 = u2 - ul 

Continued on next slide 
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Problem 1-138 continued 


MefWf Z 

Aw alierna. fwe- we-fUe^ fu evoduaie. Lu. ls. 4t> Use. a consfauJ- c-^r Value 
'fron\ Table A- 2o de-HruniU-zd <*+ T { =70°F. Tin.uT is 
Atx= ^CTx-T.) 

fro rh / T : 

m * delta_u_2 = Q_2 - W 
cv = cv_T("Air ,h , T1) 
deita_u_2 = cv * (T2 - T1) 

fJouij solv/Vj gitf=£ 

W=-63.68 Btu 

ul = 90.38 Btu/Jb 
u2 = 188.3 Btu/lb 
delta_u_1 =97.88 Btu 
Q_1 = 34.19 Btu 

cv = 0.1711 Btu/lb-°R 
delta_u_2 = 95.38 Btu 
Q_2 = 31.7 Btu 

Q) Uiuxj -Htfi Ejtjo/ore bufftVrtj Juje-e.p M /.£>£>/ fo l-U tl\ Heps o-f O.o/. 

graphs: 




proxv\ -fae $ rap k e-f Q £Hci>(. W Vs. n W fc cm* s &e- severed effects ■ 

* CJ U/ be tOTY\<e e.^uaX &.$ n -* i ( SiiKee -fi>r K - l ~ike. fc n*par^-kcre. KS 

Ccmsf«.Mf , a-vcd [rt-ftwce & U- = O . 

* <S cAclmpgs from H cguiii>* oaf) ■/« posi+iVe (h<&£ >* ) 

&ruhovA y\~ 1.4. U/ (V Jm )-ffrr* ail oAses. 

- Wt/iic naures ©kUj sfiyif/y j to^ertAJ (2 cUa.nsjes Stjmifi comity- 

fV»irV? -HiC graph s-f <5 v^, n ue^ceft«cf -fk«- .So/u-ftoMS £>*6ortie iV/ewfl'c-c/ 

7 comskxpir 4 e^ip&va^u.ire} a^d d.tv&r^e as n -s/.fc . for *i =/.t, fA-e 

percentage m <J fr <tiew.f 7 .3%. 

J. 8m usi*n n = f.cot tue avoid -fUe case o-f M = t fbrwAicA t«. 3.59 Can 
l?e ujicd.. //ewercr, fAe s/i jk-f cfevjftfibvi -frano n = l ca.nM.of- b-e. i-een ox- 
-fk4 plofs. 
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P^03t-eM 3.1 37 


kMOijjU : Sleo.m undergoes a poly tropic process brorrs aic^aujr isuHa( sh a-fe loo. 
givein-&Uat pressure. 

Fi aje> : Piof h^a-f'h'iwis-fer ^»€-r uni^ i^ta^s o-f is+£a.ma -for /.o< n< i.fc. 
Jrtveifi'gct'fe "Mae error m hejx.-b-frra.nsb&r inbrcejujceA by assumin'} fk«- 
idtocl gas model. 

§cue±l^iio tJklMEh .J 04^ - 

fi - 5MPa =■ ££> i>ar 

77 = ZSo't 

I pj_ = Z 0 m&=20O ktY" 

‘_ pV "= CO ft5-h.lt.t 

ENc^-Mopei.- (UThe s-feaw is a closed Sysbcm , 
te) The process is pis/^'Jropi'c . {”3 ) Ki m eh'c OA^ri. foheu.Ttb4 
energy effects are. Mej/ecfezt. 1,4) c^^v^,. l,' f>-* — s ^ti*«iU- 

AajalYS/s : The 4o Mowing re-tu-fiims are xcsed ~fz> de.le.rm\ne The Ue#T 
TrrtMsb&r, 3/m ; 

process reJcLiurvc. : P 'X ^ - F* ' U 7_ V ' C 0 

Ultfrlcexpr.ggsicrYi f ^.Z.J7 aW 3.5 9) ■' ^ 

Enfevgij stance : Z^4f^^t+AU^Q-W 

= ■§. - W O) 

v * / V*\ V^i 

Whew us\ny £44.«.m <haj-a. ( i~T £u.v\.oj%(ry\s &r 7 alole A : 

• p, - So tar ; T, * 2<So°c ^4> > u t 

* UJibU [\ = 2oo su/lA. £z.) ( cavi b« <^errwi«e^(. 


i-*r 

t Si earn i 

t 


._ [ 




lOheu txsny bhe. (deed gad rn.pd.ei (tT "I4 t.o" punclcovs Or Tfl-6/e A -23)- 

£1 

P, 


f t - o'O bour i T, = 2 fio a c =^> -or - g >l - 


- 7 ( -z,e>0 fi c: =b 
. W;+U p^ - z-oobar am.d- Cd) i tT^ GtM.be. Meierm wed. 


* pi. j^L -=* 7^. — 


fL^Jk 


• /2. L^-CTi,) 

bJsAU ai'flrt.-cr e>f These sotieivie.s, iT ££ TietA ^osst To v&e £ 2 .) pu<Jl ( 3 ) 

do solve -fcnr Ww oynd Q/rv\ . 

The cor^ipOR^i^j IT Code is <JiVew ota 4"Ue Mfijcf 


Continued on next slide 
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Q/m {kJ/kg) 


Problem 1-139 continued 


pi = 50 // bar 
T1 = 280 // °C 
p2 = 200 // bar 
m = 1 // kg 
n = 1.6 

pi " v1 A n = p2 * v2 A n 
W/ m = ((p2 * v2 - pi *v1)/{1 - n)) * 100 
m * (u2 - ul) = Q - W 


// Using steam table data: 
vl = v_PT("Water/Steam", pi, T1) 
ul = u_PT("Water/Steam", pi, T1) 
v2 = v_PT{‘Water/Steam", p2, T2) 
u2 = u_PT("Water/Steam", p2. T2) 


// Using the ideal gas model: 
vl = v_TP( ,, H20",T1,p1) 
ul = u_T("H20" 1 T1) 
v2 = v_T P(”H20",T2,p2) 
u2 = u_T( M H20", T2) 


IT Results for n = 1.6 


quantity 

steam table 
data 

Ideal gas 
model 

Q/m (kJ/kg) 

251.9 

320.8 

T 2 (°C) 

583.7 

652.1 

W/m (kJ/kg) 

-240.8 

-291 

Ui (kJ/kg) 

2645 

-1.319E4 

u 2 (kJ/kg) 

3138 

-1.257E4 

vi (m 3 /kg) 

0.04224 

0.05104 

v 2 (m 3 /kg) 

0.01766 | 0.02135 


(T) Ustvwj +Ue Explore WHcm suoaep vi l-ooi -fo l.u im steps of O.oi. TUe 

dctiik obhuuM give. -Hie +oUouiii^ ylof ■ 


• <SU»u varies wi+tv k. 

• cU^vijes j -frono 

C l»ea.+ ocd-J -#o posfti'je 
C t'u). 

• TVe 5-t-&«.»V\ 4aUe i AeaS jjo.S 
saJu-+ums exUvtif saivie. 
ge<iera,i feebuls. Hem ever, tke. 
values -for 62lw^ differ sitAVf- 
I cau.Hn i‘u sowie rawges of v\, 


1 1.1 1.2 1.3 1.4 1.5 1,6 

n 



/- uSi m = f ,ooi , wc avoid +He case o4 v\ -i -for C 2 .') (Xbove. Can/icf 

be use^f. /fcwevgr, -fke slijkA' deviafion -from w=-i caav\ot be seew on iUeplof. 
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PRo&L&M 4- F 


KMpuJkJ : Air leaks info An im+ialUj evacuated ■in.nU. <xt a crrufAiJct rvutsjffoiA rcj? 

FfND' . Dfifevmme +Ue purrsune ,w tfce after 30 3 . 


<t &n/fc*j Data : 


Eu£g. wo a CL: CO iLOrlte?/ \Z0lu.rhe 
{pas one mief o.i*U. no exits-C2/) 7^e 
<xvr behaves as a-n ideal aa.c. (S)Tk* 
iwasi t<«w «*•.*<. u t*vu (»h.r- 



AfVAtYSiS.: The. w 'Mi« rute b«(cu*ce y £*.4 2, roiu.ce.s jn 


dm 

dt 


no- t 4> dm t/ - m- t at 


rn^aootf iu/i 

ct -o') * o 
V = S>* 

T t - 7D°F - S30 0 /Z 


Ini&j rcth 


. *t Z® 30 

J dr *cv = J **idt - / ( 0 * 004 } 


Ynte = $o) =( 0.004 |( 3 o) - o.ix it 


Nouj i usibq "Hie. idta.1 gar modte| 


5 _ mRTz 
z ~ V 


( tSHS #-tLf 1 

(cui ifc)(2s.*7 H*-TeKsjo°e) 



Cs* 5 J 

1 44 Te* 


4.iii iw/r»V- 


B. 
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PROBLEM ^/2- 

I.iquid propane cniers an initially-empty cylindrical 
storage lank at a mass flow rate of 10 kg/$, The tank is 
25**n long and has a 4-m diameter. F 1 he density of the liq¬ 
uid propane is 450 k«/nv\ Determine ihe time, in h* to lilt 
the lank. 


ScaciviftticT Ci^eKJ l>AT/ \ ■■ 



E K> G R f*Qt>6u <i)Th c C ^>v I VP(vvh( 
W&i o^e »nlc-fc ^ Mtf+rW 1^4 

r f<-au> re- ff 1-0 £** t • ft) 


AMALYy is; _ 

TVj v ^*c i r^-k l*n „+■ Z.^ reiver* ’fe 

{-<++*, /uti c.ottfMut ^ 

VwcilfcfV tf ^ tf. ir ^cvCtij 

UJ 

».<„ t <.t0- ^V- 

fV^«i 

tf - l4l < 3 ^ tJ I ii K I- 3A3^ -* - 

(.1° *j/0I 3fca* I 
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P/?06feEM 4-3 


KkSOuJ k) : A ■ffl.wk A ‘vNtvv o y\ Lex. otav© (o p.$ & leo.k. IV t a*ww\i>v\\.c>s» 

E^cofEs at CLCemshtH't mass -Hon) rate, 

FifjD : Determine file fimc attoJitcA. Ualf fke m 6.« k<*.$ csospiaof ak^ the. 

pressure. in fiie fo-wic. dtf- ii\at -f-jmje. 

£Ctf€MATlC *6W£M PAT/V 

e. 

4.^- 0.04 kgls 
V s 0.S’ m 3 
7 ; =qo *c 
F ‘%ba* 

EKJfefc. rvioDeL: £j) Tire, atm-brol volu-vne Is sfioi^n on -Hie accompany fug 
diagram. W rkz temperafum. in fke fa.uk remAws awfant. C.3J The. volume. 
is C^»A$ftUit. 



Aft/At-VilS : AppUjivy -Wie rm.sf netfe. (a*-/«/KC«. 

rvi e » — 0.0 4 fcg Is 


dm 


£y - _ 


dfr 

J/jfeq eve.r hme. 

J J r *t*U) r t 

J * ~ I *n<,d± - “0.0 4 £ 

^olvinq -fcnr fr 

** n cv Cfr) - vvj t/ Co) 

t =■ (-0.OM 

Frorw Tatte Or = 0.HI 7.0 yw*/l<y . T^us , ~H<e. mifiaf wiacf li 


Oaa^ 

TUs 


* i *i Cv/ £o) - ^4 f ( ks 

r c,t/ ( ( - xnx)k 

-t - --—7—-- 3 - 3S3 s^. 

C-0.0*/ kg/s) 


No to, to cje.t -p > Aetermme -xr^ 

l «tevpotakm <g iiA TakW. A- is <*k T*.— 40 °c., Uk - 0.3SH4 Vv ' 3 /l*g 

1\ ~ 4.17 b<xr < _J£. 
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PfcosueM 44 


jCMO UJNi; 
D : 


p rov ,dpd ^w' a crude o/( -^^Ic. 

A itc ^ l*t n / ct c i ^ v** ^^-<r e f c?/| ^ f flrt ^ 


ScHF M^Ttc ^ &tv£kJ ~ DATA; 



f 

( 

(AV)| = 2m 3 /min—c» 

I 

i 

I 

l 

\ 

i 


fig. P4.4 


volume = 250 fW 


20 m 


, - L .5 m/s 
= 0.15 m 


E mCR . MoPEL 

(. As skcu>n b<j i 4 '-' s faith/ 

#. Cotxirol vuimffw^flr 
-f-Ui sfor<»y€ +«»' fc - 
/ TKa ip ec-'pe Volume of +t ' a ' 
o.'l v» tonsfaul • 


Vv'. 


Vn . 


dA 

1 *4 -Wyt ^ 

- 


a IcM^r e 

<* = 1 ^ 1 , 

d-t 1 

-VVi % , 


(A \r ), _ 

f *2* i*^/**' ^ 

Q *** i *11 1 


AT 

V O - oo($ 

1 v. j 


_ 

in Dj/<0t v U 

*(° 

^/%) \^t | 

ajt 

AT 

4 f 

0 . ] 1 h 1 

1.64 K f o 4 ^3. 









)(Z4(,V 

3436 

4 yx = 

flooo^Vi^ A 



tr 

, OPI ^ J 




S*J 


s (Sfe.fe?y/0 4 KJ 

«.(«!= C ■f.L.LT-*wW t J 


4,,^. - i.pfe <ie 6 *<* 


4-5t.iffO 


4 


£2 


kvitv' 


f*A 


'V’(Z+ Vl V V *le„C24»j); 


(0 OoU'JJ*. ^|p6 *io 6 t=^) 

*3 J 

IS1D VM 3 


V 

-4- 
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I usK> : arc pro*iALo*i -for tx. VegW*^ 1 ^ O'* I -f\Lte^ S C*v*0, 

£_i£^P : UtrtMKA -f^-* v^-^rx ’f-Lew- r“a fc_ p«>r ^p?*y j a*'4 -J- u* 

ux -J-k^ c 4K ^’M-r- ^ Hwt**fcMV“ o*/ 

HT fn*t<C 4 & j n Aj Drl T^ ; 


540 <a,c^ j*t-fr-\A 

6-2.fi UaW^j a* n*%*rf,*J O^Tc 

* v^+ti °{ >i***h4** ® 

ei*l <-~C CArt a *^ 3 



&<< 6#*% 


A^AirSl S: la) S.vvc* j^.oU -S^r^y has ^ cUrabw'j O.ZS'S * c -®« t, r«7 

0.2T rv 

« tai - ®Ji3 


o- iff 


l 9/r 


Go) TU, kwK h*l*"<*j ei^r.'Lj <^i\~u> i^y****' 

"'Icyf’t + At^ "“ *' A Cv(0^~ "* 

J^f J H- * C Ar &* *A ^ ^ 

wU„« VM< V «»V, .--h^ — 

^ + 1 ^, o-f *'-* St + u —^ Jt r- w +-r. T 1 ^ >^c v (o) ^17-0 5 **«/ 

v* t = &o*er v s) ( ypr r )’ l+0 ^ 

"Tk_* ^u«s( vre,cj* (»-4JL» Oi J A4 ^ « <«-<’ <^>-» mj w»' -K*-« S^O *f> f *yS <* 

me, r tv'tyfo') — ***< 

- 170 3 - M-y = 70 j -»- 
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PR-O gLtM “4: 6 


. Hgure P4.6 shows a mixing tank initially containing 3000 lb 
of liijuiil water. Hie tank is fitted with two inlet pipes, one deliv¬ 
ering hot water at a mass flow rate of 0.S Ih/s and the other 
delivering cold water at a mass flow rate of 1.3 Itvs. Water exits 
through a single exit pipe at a mass flow rate of 2.6 Ib'S. Deter¬ 
mine the amount of water, in lb. in the tank after one hour, 
f 6/^cA/ PAT/V 



Fig. P4.6 


CMGt^ M opgL i 

/, Th-*. Cen'jwi \/t) t g k&f u_rt> 

i« (c f"S owf C)i<'t » S 1 

<vs +u_ji sfcefc^ 

2 . Tfv* P-foeu iTn'letf ant 

AbjAurSlf 

Tkji r t" a Ve b*. (rvvlt-t^ J , Y:2j 

f 

Av^Ck/ * * * 

= w, Unj 

r (o.% H- |.3 -*■'<* ) ih & 

- - a *s ty/s 

-h‘Vvjj JVtrvv- 4. " O t- - 4 ft, GO sj j 

mcAo} - 

- — i £o & 1 b 

S,,(lkV- kw» (« ) - li °° * b 

= loco It, -I too <fc - IZa * ly < -' 
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PRD&L£?A 4,7 


fcAJflfaJAJ ; -4 iva.le?~ storage funk. cart-te-iW a- k-*iotun VoLlw ig a f ui&hir, The. volume 
flow rales' 1V1 ancf out of +f*e -fan t fl r & o^\vty\. 

FtMb : DeteroiiVic, how many days -fke Mtiic u»tll cents u'n u/afer. 

schematic £ Gii/gfj data : 


(A\r)- i 5ooo[e*p(-t/2&)J 
(i. t'n dojys} 



V = / 00,000 3 a / 


v 4 =o 


£\O e = 10)000 ga(/d(Ltj 


EKifeg- m\&oEL : ti) the control volume, t-s cls skoujn on fiie above. shetcUAz) The 

LOdAeV ix modeled ao *' *4 OnVK jvo £ J I t) I £ . 

' The yy)azs. yr*fa r^Juu^s to 

£^- ^ * 

~tT ~ ^ ^ 

Wl+'U yv> tv - awMi vv\ l = 5 (Avrl- t a^ek m e = ^ (A\r) c 

Xif vJ^'i -X^-rk 


< “^ - (A— (A\T^) = Sooo p (- t/ao)J - loooo 

TuAejra,4-i*\<j -{-rom -fc-o 4o 4=4^ 

V z -V, i f *( Sooo [eno C- t/zo)J-topoo'ydt 
° t{ 

- ( f-°i/? 0 ) * K P ^ “ '°' 00 ° *) 

(7) = £■ loo.ooo e*p ^/it>) - 1 3 - lO.ooD-tj: 

Un+U V/, 11 ( 00,000 gal -fo^r V^=o 

O - 200,000 - (oo ( ooo fjcp £- 7-f/ao) ~ ( 0/ ooo-£^ 

U$»V< IT fo 5oli/« uu« ge.t ; LL solution: 

0 = 200000 - 100000 * exp(-tf/20) - 10000 * tf 
// tf = 15.36 days «s- 


(-*) 


To obtain V vs t using IT: 

der(V,t) = AVI - AV2 
AVI = 5000 * (exp(-t / 20)) 

AV2 = 10000 

// Use the Explore button to sweep t from 
// 0 to 15.36 days in steps of 0.05. 



t (days) 
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p ^OBLeH 4^ 


A carburetor in an internal combustion engine mixes air 
with fuel to achieve a combustible mixture in which the air- 
to-fuel ratio is 20 kg (air) per kg (fuel). For a fuel mass flow 
rate of 5 x 10' kg's, determine the mass flow rate of the 
mixture, in kgA. 

Schematic 7 avru 


Fuel 



£^R_MopeL; 

l - VC^ fu*. j*- c +cUu *t S 

2 Ail .'nji c 4etl OK. tl 3j tv.K 

Analysis : 



- am ou//&fn5 ^ j /i^X^ /© Ax: \j<* i * ( k* f \o ^ 

A i ft: ^ d 35 3 

vL ^ - ^P2 


W *_ 1 5- Kto uj + 




- Wa-1 - 


-t- ^F3 
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PRO&U=M ^ 


I: Air 41oujs -\hroujjU a am-inlet,one-ex'rt con-hz>l volume . 3>«k arc 

I<«OH>n at -fke inlet and. exit. 

E/Ai-D '• Vetcrm ine(A) "Hie mats f/ou> m-te ,(J>j The c*if area.. 

^H-EM/vnc £ frn/£*J da ta: 

P t - o bar volume. 

T, -Look 

V7 = H0m/s ^ £=Afc«r 


A, - Jo cm 

* O.OD2 wx* 



v 7^ = qoo k 

VI - 3^0 tvi/* 


e»j6,a. modiL..* (i) jht control volume is at -Sfeadg sjude.CZ) jUeair behaves 
as <xv\ 'ideal gas . C3) The 4low Is one-dimensional at the inlet (xnd-txit, 

AA/-4t-V5l£ ■ ’ Beginning u/tHi fke mass »T3t/e. bala/nce 

drvxf° - - . . 

YVx t - rvx x 2 vn 

Usm0 data. at +4e mlet and -H«l ideal g« equation of .sft+e 

to ™ *(rV)a,V7 


C £ Vsar ) 


(lHM_VtOO K x 
Vze.^1 kgKf > 

- 0 .VJ 17 kg/s 




l bar' 


I kX 


lO*N-w 


{ 0.00 2 C ho nY$) 


VVi 


(M From yv\ ^ =. yC\ ^ 

fA'C =. x* A^\n 
A»= (|;)(^)a 1 

U5iH\ £ = P/pT 


'Z* J 

« 


r « w 400 \ / HO \ , * 

= (UUAhlA 20 ^ 


= Co.°4S cmi 
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PRoELem. 4. (o 


hwifiomiJ ' f bu,w,n s shown in Rg- P4.io 

I as Ifi.OOO ft of occupied space. Due to cracks around win¬ 
dows and outside doors, air leaks in on the windward side 
of the building and leaks out on the leeward side of the 
building. Outside air also enters the building when outer doors 
arc opened. On a particular day- tests were conducted The 
outdoor temperature was measuied to be IS'T The inside 
temperature was controlled at 70T. Keeping the doors 
(Joscd, the infiltration rale through the cracks was deter 
•mned to be 75 ftW 7be infiltration tate ' ^ e d wi,h 
door opening averaged over the work day. was 50ftVmin 
The pressure difference was negligible between the ins.d,. 

tor determine at steady state the volumetric flow rate of air 
exiting the budding, in ft /min. (b) When expressed in terms 

of buddineT , ' hC l,CCUpi,: ‘ , 5paCC ’ de,crmi "<= ><ic number 
01 building air changes per hour. 



AinntiJuiiuon 

tbrerngh 

door openings ar 

-"50 ft Viijin. r/rp 


1 

Air infiltration 
ihrough cracks 
at 75 ftVmin. 
iyp 




Arroitmiv 


crjkdis 


at 70}- 


£(oGr- fHoDCL ’■ 


I « 5 te*dsi r4vs+c 


11 A c 0 rt Wq { TiSot uwi c e we 

-j , T'kji t t/w Vv-u—6. vti l u vo $+**.** y 

"5 T"K-ff A 41- in Ct^s -4 ** ^ ' 

* w * * 

AQALysi t< 0fH s W»«y s c "Vvs 3 t ^ | 7 "^2 •> whisx 

-1 


- CAV-li, ( AVT-). . _ ( A v) l _ (Air) 1 - 

-v, ■ (RT,/p) J Vj. R1i./p J 


(AV-), 

•y? 


(?T 3 IP 




3^3; 

pCAVOj , pi a 
P-Ti 


nt). t p ( ( Air)} * T^CA'rVi •+( A 

- sa*®! 1 f 7 sit? + 

L J 

- s Mi 


RTi B-Tx. 

Cl -eu|u«4 - 

(•= V) 


•<w) 


lb) 


A >'1 
C ^ c * 

prr* U*u^ J 


iB'l.i-iC 3 I 

VtfW h | 1 * 

3*,o#o A*rt^5’C 
O. *LZ e^4 ^ 


Cb> 
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FfcOSc£Al 4-H. 


| 4iOouJfO -■ 4iv en-krt ^bxrnucc. ©pemVug a\ SWus.We «.*.<£ k -fo tx dLucf sms-Jc.** 
tottSi-shnj -fkyee. delete. a,ve \tkao ujv\ -f Ue. iM-ef axJ. e aoU, ^ 4Ui 

d<sdu>nr<je & mo(s. 

FtfOP I Defcrwime l«) +W ma^s -Ploio ra.4c eultxnH He furnace (t) +k«. 
\Zoluwte4vvc tUuo r*At i*a ew,U at- \b&- fc-iA. exit - Xuefe } ^c) -fke velociH ii\ 
He 12-irt. ext+ duef. 3 


SCtfEMAfu: 4 6eiV6M data : 


p Jl*1 


© 

7j=7r^ 

fill alto “ 


FUHUACS. 


- -- J t 




^ i 




12m. 


H -t> 3 = 4 '’*• 

VX-V3 = /o -f+-/i 


(AT},-- Boo 

6>ofeR- rviope i_r (V.) TAe Con-bnil 6l'»ou>n on FUe QCtOA*/>Anyckef eti is a.i~ 
•sFeaHy &ftife.(2-) The a'*" be haves as an i'dta.1 JA 5 . C 3j He. 

«.nct pressu^ /Vi €<lcI^ <s*.ucF are fhe sume. as He fe-MA^>e^fu,ne a*^P 
pressure s>f He aur -fo He <£iA£f syi+e^. 

■ AajalvSI s: fai Ust'n^ fg.^Hb wi+h iW e^>tA/Kot\ 

ft V") , , F (AV~h 


m. 


^ l?T, 

( I a4y*) ( 8oo iF/wm) 

/ JSVS ftiit£ V 535 °€) 
^ z.B.47 J 

= 0.434 __ 

(b) Pi~D 2 a*" 1 v ^- 


(4.(9% lb//iV\* 

1H 4 1** 

| 1 YVhH 1 

i a+^4 | 

J fi* 

I teO 5 I 


Pi~D 2 a*" 1 j , ^ \ 

^(Avrtj.^V = 


- V> ' l 


fcO S 


i tvi'n 


(c) App^iwij +Ue lo&ldtuce +o 

<*25° .. - - . . , 

~ K - w^- =?> 

u> KeF 

&vr) pM\r> 

i 545 


Ur) t /^ ) a 




£40 


Vv^rx VVv ^ - ■ 


IT 


RT 


(^y SB o) 


1H4 

fe O 


= 0.1343 lb /5 


Fvow\ (..X) 

- 0,^8^ - 2^.i 343> - 0.~lZo4 iWs 

FvvAaUtj j {-Yo/n W14.- "—^ 

\T ^ V 4 ^4 _ CgT^)tiM^ j . (t~)<^S o')(0■ ~?-^>4) 
4 A 4 C ? 4 7t (12.V 8 - 


(3.41 f+ls. 


Vi 
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PR06LBM 4.U 


fCiNJQcOAJ : Pt^n^eraui: mocfbujs ikron^h a. refrigeration ccmJenser. bate, are 

known a.-h -Hue inlet and exit. The mass Hou) at tU& m|«.+ jj yCven. 

eiA/B • Determ me ( a ) liie in U.F velotf+y/b; fti e a t «.me ft?r~ «• f -&e ex i f pipe. 

SUfgMA-TLC <t G\VCM DATA : 

Em Cl?- I'HgPtL: CO T*1€ Cortfro/ s ^ ba,r 

volume is air ctead^j state . T, = So “c 
(2}The -fLooJ U one-c(itv(€wj/onrt.J ^ -_ 2 .s c>r) 

<3-"f “fiie m/e-p exit. 


€S 


= fc leg/nun | 


(WMa 


^3r< 


- S k>ar 
T z~bO “c 
\T^ - 2 .5 m/j 


M4£HiliL ; (<U -Solving e^.4-4b -fsrV^' 

^ I "U~ ( m, u*, 


V7 = 


A, 


r-f) 


H m, "U' 1 

7ta, z 


From Tub/e A - rt ^ or =0.oa,H7^ wi 3 /kg. tWs 


v: 


(4 ) ( b k^frn i'a) ( 0.0 'XHIX Vvt 3 / 

i mm 

ID 4 CrvO- 

IX (zs^cm 1 

6o s 

i fry*- 


- 5.04 yyi/s. 


VI 


(bj To -finc( -H\e diameter of fk£ ettf pipe, be^i* t-oi+k mats rate. balance 

Wv^ m, 

TUjUS. j to t+U VVk t a A a.VTi / or* 


A* > 


From Talote 4-11 , ^ T s ^ Jf . & q , , Tkus^ fUe refr'v*eran£ U a. Suh>-ax>l<ze( 

It'^iLtd. From Table. A- 10 ) 1 * 

30 -c * O-WnXcO-’^/lg 

/nser-f-n4<j values 

. _ ffe fcg /imim) fO. 8^7 xtQ~ 3 im 3 /A^^ t mua 

" C J.S mM 

F’i U a i , to t+U A = 7T 4 

( /JA X*^ 2 - 

-f^J * O.OOfoS'm =0,G,rcm^ 


60 S 


~z,zu>i ^o 5 m z 
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PM&LBM ^./3 

K A/OUJ y : Bctfift. Aft JiVet'l -for S#eAi»1 {io uxhj ■f'lir'eiuyk (X -/t4/rbiit« wifU 0 
iiie-t anA fujo ejci'fs. 

R/Vb : De-term ( i/te -hhc dia meter- o-f eex-t* exi+istuef. 

3CH£MA-TIC rf GIVeiV 2 >At* : 

/? - lw> w _ 
t; =-M$0 a c I 

I 

Ewfrft rvioDEL ;(i) Tmc Control 

Volume is -Sfett/Uj sfjx+e . ^ = ^jg ^ "7 

(2} The f(oio o.-f-+Ue iii(e+ aw^ P ^ S fear' ^ 

&acU eiei+ ii (puc- c(fme»i^ icjrioti. ~ t 

~T~2- - 240 °C 

n-zsH* f 

/WAtYStS ’- The muis -floui rate af -Hie mlef is 
CA\r), 


ne 



^'0*ot> bar- 

^oM 
v>400 ^/5 


* 


or 


Frorv> 1/j m 3 /JLg, Tims 


wv 


(200m 3 /W iU ^ 


1 mw\ 


- 72.3.9 k^/s 



vna^-vv^-wvj vv » 3 = yy, ( - vvx^ -S 93 ,. (o |<^/ £ 


‘ ~ (O.OiSHi ^VkjMfeoa 

avi^ vv\ x = 0.(& vvi v =. (30»3 t <-${-s 
A-pp\^i\A^ Hv«. N^AA-ts ra+e. \o«.(ax\c e. 

dypgf 

S%A 

Kioto, wiH\ vv» =■ A\T/7Tj W 4rooo Table A- ** ; XT t = OMl*HU> w>-V/<^ 

A = ( 130.3 HU. n,3/i^) 

■*" C25 m/s') - 2-HXI »v, 1 

Mof -Hao.1- a = 7t4 Va 

= l.7S<* m*_ 


d: 


hroffi Table A-3, fl-t p 3 =e>.ofc> bar o. < f'-{ 

“ LoOfeqxio' 3 + (0,44 >(.23.7 37 - J.00(.Vxio-3) -22.3IS toVtj 

T * U * ^3^ CS^.uH^^'5) , 




(Hoo ) 


33.115* m‘ 


6s*&. 


d. 


_ [ML 

“V * 


^ = t.99 m 


^3 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 































PROBLEM 4.14 

JtiJjtbvsM: c. prO^^e^ far J w b,£ -f-<AuutPk^ -fU^ujK*^- pip-r A'f- 

|CA^*VV 4«r. 

f/^0: D-*4*^v^*e + ^f ***** f*-' -fc^x^U *>.£ ^pro^S'W n^j ft* r1C4$. 

SC HX^i AT t C <1 & f V/I D* 7WJ 

r~ —Cr / —3 

* v= H *+/■* 

AwALYiii: Cvi-ft^ £■<!• 4-4b 

^ . AjT, Or^vT- a nkxof/4][H f+fej _0.o;uUffVs 

v- ir ~ - " -vr 

tr 


z&L UJ ftjl-t 
L*A+V\ 


* * 


r o4 So lb4- A*Q- , 

AT * AT V (&0°F) - 

• _ Q.OTIU &>/s 

^ 0 , 011*01 Ur*/tb 


gO° F 

0.0l<*07 UVib (Tft.tle.A-S 
-s. U’JSltoO It /i. 4- 


<0 


C«) 


Ct') 0 .$ q«\ 

vr 


vAe-od ^ft-s c*4 Sotb^-A^/ 80 ° F - SHO 0 R. 

^ 4.1 VI t+'/lk 


fit _ 

(Sf. ^IW’*) 

1 C+ x 

? 

(So ibF ii o ) 

ihh 


0.cruvi.<4-Vs 


w\ — 


H.»V» t4 v /‘b 
Cc'i RlTL od SO f £0° P 


_ 0.00S2-1 It/S <r- 


-Ct) 


U- - l. si iv* £v v / ‘b 
. _ Q,Q-nfr7.-t* : V* 
^ ~ unu*^/ib 


£r-*~s T«Jb\t A-He 

^ 0,0mt tb/s ^-C<9 
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4?t5~ 


KmQujn : l>ci&c± o.re, k/ioton aA Akt iwleA a vuX exlf cur compressor ep&rcLii 

al Steady sM-fti. £ac^ u,wi+ mfcts paiS/nj -fUron^A ^ poltjjropic 

process. 

FtAjp ; 2><.f«.<rr»itie -f-ke -f«>—4- 1 *.f-<_ a<~d A la^e-Ver a.4-tUt e>4*4-. 


5CMEMATVC. ^ 6-U/£)U JA-TA . 



( V. Vj.-IOOtt/s 
F^MIO Itf/rii 1 



(Avj- SOO 


e*o&R. rviopt-L :' (<) T^e control volume, is el s-fenA^ sftije.. (z) EacL u*u+ o-f rh&ts 
U*(i€r40£$ G- prectaS dat**' b«d *:? pv ‘*= f G>"S+ a «'t • ($) l~Uc. CU/r" beluO/iS <t£ <*.\A 

i etettlfias, Cam be /enji«df by reference fo -fUe (*fif ^U*rt. 

AwA L*tfS (S / “TKJ! v^-rr *■«.+< b«Aa* t-e 


jg2^ _ rvi, - vv>^_ => m | - rvi-j. 


CA\T), _ fo\r)* 


-IT 


IT 


r*o 


iveAucJre. 'ir usi*uj -fUt i c\e^i eeu-tt-f ttrn_ 

‘ / H-'bf w J . , 

_ C zfr.Al il>-°g^ S30 ’ * ** 

p i iW/iV:) 


'U* 


J44 IM 1 


1335" #*/% 


W*+K ftcfv^pb^ 


■tr. 




tmn v/m ,.? 

^ = W) < <^ s $ > * M /f > 


TWt e<ii+t^ ? tr«.UTt IcL*a{ 3*S e^tuuU*.^ o(- 

SWie. vr t (tio lbW>-Q-)(3.<^a C+V^)) (MM i«* 


T-*. - 


“ ^ |5H5~ 14- U>C 


2 *.<r? U>- e fc ) 

= {GVt*R. --5H°F 


I 


T, 


SoWi-v^ (+ 1 ! -Cor AOl-^U v^^ert-"^ v/'a.I'ACS 

A ^ 

A ^ O-, 

- (Soo ■PW-^«\^(‘S3 C \'3. £-vV 1 1>) | t 


(100 &-/<>) (13."JS £+*/<*>} |<»°J 

X. 0.410 ivT 

Usv-^ A x - TT cii / H 


- o.ooa? 40* 


/ 4 AA'/i. _ 

( (H>(O.Mf 0 i^)\ 

V IT / 1 

l TT ) 


du. - 0,711- \Y\ eSr- 


a* 
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PROBLEM 

kMOfjJM : 4 (oujs -H»rou<jVv <x crm+rol VoUx-me. ftf 5-fe^nijy state. 7kc 

control yoluwe U<xs ©Me inlet- and fvoo a*u* cW«l are. Itucww 

crh eacU flouj facmnda/Uj. 

F/Mtr . X>€ferrv» iV\£ C«j "Ike miVu^um inlet- diameter oo tbe A fh fh 6m^ 
Velocity does Yvo-f exceed ioM/5.(i>J tke vota*vietric ftouU rode of 
the Second e* if stream. 

5C(4£M^-ric ±£AH£M. £>a tA~. 




P ■ H bar 

7 : =^a®<= 


1 


IC2T 

i S. 

cn » 

Control 

y 

r w 

i 

\ 

I 

volu-we 


£ 


| & 


(AV*) Z ~ 1.036 m 1 /'win 


[ 3 ^ 3 w , 

^ SaT (i^utrf 


ewa.g. model* (|) j con-bo! Vd/u.rwe js at steady s-We.Ci) tKc floio <*6 the 
inlet i-s or)e.-din\eA$t'oy\di. 

AaJAiVSiS '• (fl) T© re.la.4e. velocity om d dram e-fera.4 fUe. inlei, use ty- 4 4-j, 

vv» ,-u, _ rb , tr ( 


V7 


a, 


e~) 

TUaxSj Velocity varies (inversely unfU diameter. Tke iv\in\vniA*n d\£uvjiAcr’ 
corresponds -fa \r, - 2 o <n(s. 

To ae-t trj , note -from Table A- 14 -that" T t = ?.8°c U lets -fbanTre^ <d IHbar. 
Hence, -from Table A-I3j TT * 'Mf@ z g* c = i-blW xio~ s 


y-u • /W • / 


k rk ) xr t _ jQOio.s ty! 5 ) O-^i 1 m 3 /Uj) 

7 T f 2.0 ") 


- <9.00724 m - 0.724 


C<M 




(M To find (A\T) 3 y beam to/-Hn -fke rate baknee 

£ ^ v ^° .v . . 

= v.n ( -w^ x 

VaJi-VU vv\ -(ANTV'ir 

(AvT ) 3 = ^ ^*k t — fAvTJJajJ 

From Table A -t4 of 4 b a.r j - 0 .309^ w> 3 /|e* o^d. |. 55?7 Aio“ 3 W»V)m. 

TUs 

(A\T) s(|.SS**?KteT* -£ 2 ? ) U s ^ V_ feo M - (l.o36 vn 3 /ty^CwM 
3 V k 3 L 3 1 ** {lA (P-3044 w^VfcgV 


O.o4/b m^/imin 


<AV)« 
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PROBLEM 4.1? 

Liquid water al 70°F enters a pump though an inlet pipe 
having a diameter of 6 in. The pump operates at steady stale 
and supplies water to two exit pipes having diameters of 
3 in. and 4 in,, respectively. The velocity of the water exiting 
the 3-in. pipe is i.31 ft/s. Al the exil of I he 4-in. pipe the 
velocity is 0.74 ft/s/lhe temperature of the water in each exit 
pipe is 72 P F, Determine (a) ihe mass flow rate, in lb/s* in the 
inlet pipe and each of the exit pipes, and (b) Lhe volumetric 
flow rate al lhe inlei, in ft 3 /min. 

5Cri€ rufrTlC i 

z 3 


£w6ic tHOD^U 



2. Fb 


T Kjsl c tvt) 1 Vo w* e j U^ous w ul b \ fc e L 
/ ■ -VkiT). 


o. 4 fafj \T*X ( 


IS fo>vu Z art^ 3 


e.^) Tkj , 

Ctf i ftv, & ^ f tl b 1* \ / v 

(nIjjaf C !-«•)( o • ft) . 4 01 li/y 


v^= &yr. 7W 

"IT" 


V*, 


/\ v^A, *> C 






J 


4 . ife ^ 4 - 0 ^ 4 - 


4T 


T Ls ^ vrs I w VT^t ^ \ t v & V*. o—t 4. 

(A\rl, = 

= i,i2, 


(b) 
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Problem 4.23 


Steam enters a horizontal pipe operating at steady state 
with a specific enthalpy of 3000 kJ/kg and a mass flow rale 
of 0.5 k ^ At the cxil, the specific enthalpy is 1700 kJ/kg. If 
there is no significant change in kinetic energy from inlet to 
exit, determine the rate of heat transfer between the pipe 
and its surroundings, in k\V, 
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Refrigerant 134a enters a horizontal pipe operating ai 
steady state at 40°C, 300 kPa and a velocity of 40 m/s. At 
the exit, the temperature is 50?C ami the pressure is 240 kPa. 
The pipe diameter is 0.04 m. Determine (a) the mass flow 
late of lire refrigerant, in kg/s, (b) the velocity at the exit., in 
m/s, and (c.) the rate of heat transfer between the pipe and 
its surroundings, in kW. 
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PR^f3L£*vn 4.25"~ 


As shown in lug. P4.25, air enters a pipe at 25' 1 C* HX) kPa 
with a volumetric flow rate of 23 nrAh. On the outer pipe 

surface is an electrical resistor covered with insulation. With 
a voltage of 12(1 V, ibe resistor draws a current of 4 amps. 
Assuming the ideal gas model with Cp — 1,005 kJ'kg * K for 
air and ignoring kinetic and potential energy effects, 
detennijic (a) the mass flow rate of the air, in kg/h,and (b) the 
temperature of the air at exit, in °C 
DAT *: 

Insulation u 

] p- Electri cal resistor 

i f T A 2 


Air 

r, = 2 S e c, 

Pj m. lOOkPa, . 
(AV)i = 23 mV 

Fig. P4.25 


Atoh'-'t'SiS- 


n 

f 




t 


I r, = ? 


CAJ6ft. (v^oOBl: 

I- The (ontvBi su*.-— «* + ‘“ < - 

Itf+CK ‘«S Z ^ 

Q fir 

h€ii+ dvad-^ o-* d 

w ; vr 7 , - 

? f Kj: Air 

^ t“‘+ v Cev ^* t( '-* 






C^l vCv - - 




pH 




2-C.-S? t2. 

Ja 


C«0 


Cb’) 


^ yjij ^21fK) 

— ,, „ ■_„ assu' vt f l ^ i,vv3 /' 

t^.4.2^ 



tv 


O - ^ C V 

u-Ux^ (N~ k O - V' ^" r ' 




a. ktl cJ 



1 

) 1 1v.1t || 

i \& J W*tt 


- — o-43r I'W 

Aw A %oW,IA 5 ^ 


Tl - ^ “ 
- 11 


Wtv' 

vU 


(-0.4SVW) 

3 (. 00 ^ 

1 fcjjl 



i K-W 




ft) 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
































PROBLEM 4 - 21 - 

Air at «X> kPa, 330 K outers a well-insulated, horizontal 
pipe having a diameter of 1.2 cm and exits at 120 kPa T ^00 K 
Applying the ideal gas model for air, determine at steady state 
(a) the inlet and exit velocities, each in m/*, and (h) the mw 
How rate, in kg/s. 
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P^DBLEtn 4-2T- 

Air iit 600 kl’a, 130 K enters a well-insulated, horizontal 
pipe having a diameter of 1,2 cm nnd c’drs at J2fl kPa 100 K 
Applying the ideal gas model for air. determine at steady state 
(a) the inlet and exit velocities, each in m/s, and (1>) the mass 
flow rate, in kgfc 
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P£xj BLOW 4-. ZX 


At steady state, air at 200 kPa, 52“C and a mass flow 
rate of 0.5 kg/s enters an insulated duct having differing inlet 
and exit cross-sectional areas. At the dua exit, the pressure 
of the air is 100 kPa_ the velocity h 255 m/s, and the cross- 
sectional area is 2 x l(r 3 m 3 Assuming the ideal gas model 
determine 

(a) the temperature ot the air at the exit in ”C 

(b) the velocity of the air at the inlet in m/s. 
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h'*" jf rA* -f J34 *, ^/oubrf ‘tlHimijK f o*^+bJI ptp^ a. + £ +t*_ *t ^r JT ^ 

fr ujtvJcu d cvrc pi^av'ic/ec/. 

F / £>■' Def*^*-W**tf +* 1 * ^tfifc, Art <1 ~H*4_ iVilcU ^1061'^, 



* At 4 

fr m*o c tw 


€^&(?* fH0p£L t t- “TI^J co>vVy-pl >/0i4jik*^t ‘l ^t>(_i_>*^n l-la + U-q TC,k^0 fVc. f 
S4»+* Z* fr»K H"**'-* Cjrwfi^&( VOtuiA**^ Wc^ - O 
^4*aW«-* «Her^ >| f/ivKi'Afr4 to €v,'f. 

*±j±kiil5 ‘. Ah sfe«.<iUj jWt, fu« wuiSJ irct+c kaJauce ^Auce-s -fo vb, - =. w*. 

The \hiti 'Selodi-u i\ -ftv-uJL &<> T&bUuss- 


^ ^ ^ \r -. ^3. -_ * 

^ l jft -i-' t-y 




A, 


7Td ' 


loi+Ji V, ■froi^ 1 T^-feJe A -/ 0 

ir .^n I itrfU 0.61(9 twVfc,)__ 

vj ~ "►'20*7 

7! ( 0.04 w'l *■ 

Sir*!I av l*j , V^_ If £e~u,u.J -fVarvi. yy\, : b* ,_ c$ -fo Ufl-ws 1 . 

vv',=Vvi^'^» - Ai/A -V w- = ^3 \f" 

1 ajt. ^r. p -vr 


Z Wl/,£ 


v: 


(-#> 


I^+U-r expression ^ v; omA^ cure leiAJ>-uJy\. f^wtwy, ir^* "irCT* ,} is 
Clu,Ilucuj-)\, . 

Aii^o-hWer K-ekd-LM*. i\s fib4*t’nec/ luu^>' f y Ua e^ev^ij rat-e Glance 

o= a (y -><, 0 + ^ 

=• Qtv + v* UK-**a + j 

1 KiS^V^nUcj kwjotovv V^ Ua^S } t'lAcllAtUt^ U, Table A'io 


° *< M ^1^1 l (w -” - ^ r 


tx 



| J , 1 1 

\ 2. / l 1 ^ 



6 **) 

<* t = p^V 

SeitftHo-rts f-*') £*#■) oftM. be iolved Si'n^m.LVwfic'wlH b>tj f-e^erW^g -h? 

T^b'e A'12-fffr ^ a^A. U,, cs ^uv-C'f-tirv-s «f Ts. aa*J 5 p t .tUa process iy 

iTera.+vve . To *.yflirt t+eved-ccnA. } ‘T Ca-w. be. used. e£t*ciitieUj ^ as -fe> (tocos : 


Continued on next slide 
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Problem 4-29 continued 

IT Code 

// Data 

T1 = -8 // e C 

xl = 1 

p2 =2 //bar 
d = 4 //cm 
mdot=17 // kg/m in 
Qdot = 3.4 // kW 

// Determine mdot 

pi = Psat_T("R134A", T 1 ) 

vl = vsat_Px("R134A", pi. xl) 

hi = hsat_Px("R134A”, pi xl) 

mdot = ((pi * (d / 100) A 2 / 4) * VI / vl) * 60 

//Find exit state 

0 = Qdot + (mdot / 60) * {{hi - h2) + (VI*2 - V2 rt 2) / (2 * 1000)) 
V2 / v2 = VI / vl 
h2 - h_PT("R134A", p2, T2) 
v2 = v_PT("R134A", p2 r T2) 


IT Results 

> (T) T 2 = 4.976°C * 5’C^_____7k 

V 2 = 24.08 m/s _ __ \r 

Vi = 20.71 m/s * 
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PROBLEM 4.20 

Steam enters a welt-insulated, horizontal nozzle operat¬ 
ing at steady state with a velocity of 10 m/s. If the specific 
enthalpy decreases by 45 kJ/kg from inlet to exit, determine 
the velocity at the exit, in m/s. 



t 


1 A 

ANAUTSty; G% ^.zoo^. 


Moag L' 

t, *T h £ C 1 V o f u m r r u***. i 

, s S’*K rfw +^ * 

2_, -f*Lp Qcv-O^ 

VJ c. ^ ^ O j Q**cl pC” - ^ * 


-T>t C7euOv _ _ 

'f* ■ (7?f+ 4 -^) / 'flfl I L 7#T = *°°~> s -— 
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PRo&UzM 43/ 

KMOUJhi • Steam flows -Miron.yU. a hoZ&le. wifh knc tom af-tUe. 

/Vi lePanel The mass -fiouJ rate isg (Ven. 

El^JD ' ~X)efermfne. (ai -fte exit* veioctfy, (fej the. /WeFacv^ exif- Aoutfli'ea^. 

J CiigMAnC j DAM- ■ ■ 


ft. T 

= 3o bft/ (n* ^ ^ CM fz = to bar 

7 ; s 320*C —j* W tfZ2te "t“* r t 3 2e>o°C 
V7* loo m/s -^ Yh , 2 t^/s 

£K3 6S. rnoPET.: (i) The conircl voterne is ezt sfeody 
state..C2> Meat- tromefer k neylig iW-e aM W,„-o. 
(3) Pote^-ha-i energy effects are. nejylijibl 



t, = 320 p c 


T z * 2.00'’c 


IT 

/V^ALV5t5 : CftlTUe Velacifj of sie*.ryi «f -4te <?*/+ k /Wh£< fror* ike steeuU. - sfate. 
energy balance. * 

inhere, rn ; - vv> t 5 vm. .Solving Asr 

w; * 1 / 7 x 

Froioi Table A h, -3o43.¥ kT/itg anA M ^2627.7 Ic^r/kj . Thus 
'T, * f (3o43.H-2.ST7 


kj 

l kg-ht/ s * 



l KJ 

t kX 


T {^|0O l )tviy 3 2. 


- 6>6>4.1 vrt|&. 


VI 


(t>) To The i*ile+ aw4 e*£+ lUwj are-iij life. hi = Q\v)Ar. 

A _ , t Vh 1T Z 

A - g- oa^A Ai - _ 

frortA Table. A~4, 'V, - o.0850 W\ 3 /ic 3 <vw3l = 0. 2 -ofcO V^ILg, “k^ 

^ _ (3 Uj/s Vp.O ftSO 
1 (ioom|s) 




am.fi. 


*t.-- 


C^Xo.icfco') 

\o H 

Qb(cH. V) 

J 


I vn 


- £?*"Z tWL 


- f 7 ervi 
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FRQQL&tA 4.32- 


k’fOOujM ■ Stexn i ttonus fJirmjh *- insulated, Ho2Zle *J/tL\ Lnomn conditions 
a.j- the iniand e>a+. 


Find : Veterm me the tv .\f tempera tu re . 


akawMi tr wu.fajy , ^ 

300 iw/ilt 3 ' i i? = 

Tr-1*0Q°F — |* hozzte -f-* K = 
^■ |ooWi 


T,-k°0°F 


J? = 40 ftfliH 1 - 

ur = 1200 Ws 


IWlfeWuf 


40 [tf/m 1 


gMfet?- moPEL : CO 7>>e COYifrof volume ts at Meeuig |_ 

6tute.cZ) There, is no h&ut ^rans£er_, ayyd Wcv a O. 

(3J Fotenhdl energy effects are negligible. 

AfrJA-LVSl£ : Tifi€ pressure "*■* kwouJh -Hie. evt-f-, Tk* state, is -fixe*/ Jjy 
<^efermim\vj itsiViej +ke S-WiAy -state energy tfiaUunce 

O^jkCt-^Y + ^ £ fk-M + (~1- % CjA*.)] 

iO he re. m ( - * m . .Solving ■/or* 

IT ivr -1, 

^ h,*C^) 

From laiale. A-HE^ h. - l^(H*5T&H*Vlt3. Tkus 


^-(tm? bwiu) + ( 

= U^o.o3 efu/ iU 


ioc? - - l£od\ 




1 


1 cKl 


s* 35.2 it- Ft/s 1 ne+f'itt 


In+erpola. 4 *iVvg in jalole. A-~M-£. aE 40 Ikf/iw?^ 13 SO.03 B^x/Uo ^ivcls 
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PROQLEM 4-33 

UtlOidAi.- Air {lotus through a nozzle wi+b krioum conditions at the inlet And 
€xit. Heat -transfer occu-rS feom -ftie cur jo the Surrou-ndidys. 

FfM ‘ "Deffirw the h « at- {rans^-er p e r It of air flouoiwj. 

SaAetAATlC £ GlVgtJ PATA '. 

T, = ICpO^ 

ir^o 



y\o~Lz\e -\ ->■ 7^ = SZO °f^ 

!C2J ^-/SooUYs, 


Gtv/i 


1V\ 


gwfes. cvit>&t.L: (i) jhe control voltane is steady shite.. (2) Centro ) 

volume J W tw . =0.(-3J The air- loehcX\tes AS an ideal fl&s, (^j The mlet k.ibe-Nc. 

energy and potential energy effects Q.re necjliyitle. 

ANALYSIS : To cfeferruttie +Me b«tbfr«*vsf.6r, to /'-Hi -tUe. steady-state 

eneYyig lauiunce o 

0 - Qc V -)rfC + *v\ f CU,-k*\ +j^Lr^T*-}g CZ/?i-SJ 

C-or G^ Cs/ / 


d t 


vC 


vAti/ | i , Vt 

— - Wt, - W v ^ — 

Fr ( «, TitUt A-zie / h t - ISa.Oft sw/lb ot^cA 

k x - 12.H.X1 3+^ /U>. TVws 

vU ’( lb 2_ 132.atf IWs v |j“m4A*lfc>«j 

a/A 


Qcv 

T~ - -ia.q %^/u> 


TV\t \-vCC cftAes 4-V.oJ- +Wt V ra^ii 

IS vvo It fo-VWi Sarrou.«<iAv\«jS. 
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PKOgLEKl 4.34 


■' 5 Wdy -S+a4e flpei-oii'rlj cLa +i\ <j.re pn>i/ l '<i l 4 £,,* a. n_e.jj /e. 

<■«* Gic/jv: 

Emgr. mqdfi : 


I s - ^-"J ■ O te*.c±y 

f 1 0 £Va./y A -ic 4^ »ff«. cvt +U 4 Tulet and Glc^Jv, 


SOH cmatic ^ g Data; 



\ s ^ tKe rtf f c h j tv < <th frW 

Volfine f «cloifi + 1 —• 


'lH 


AufturSvS:^)Mact rate b s |^: vA a - w bt re = slfc/s. Us.H 

_/T^ r 

- g~ , »* >■«) 


Vw 


A,v7 

=*> a, a 

vn, V7 


VT 

| 

° A Unu: 

0 = 

- V r O^-SU 

-l 

UlJU 


h, ■ 




(i3(,.^- t*t 1- 

vO, ii 

- ^10 o4 ^^-jlb 




i trf- 

lutbifl? 


4 Sk _ | 

®«VAW 
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FR 0 &LEI 4 4 - 35 " 


KtU&UlLj : Helium -flouts fb rough a well-insulated notzle toiUi Ichouso 
C oncLChons a.f fhe iU(ei~ &mA exit. The mass flout rate, is aiV«*i. 

Elisl D - Deferwirte. "Hie ex'if area, 


SgtfgMATlC 1 GrU/EAJ DATA : 


t; -£oo°^ 
\r=ns ms 





T. = 

f% - 5o 
Kh ~ I /t/i 


g_»J6g. ifropgL : (i) The c cn+rvl i/ottcrhe is at steady £ftLje..£z) Heat -transfer- 
i>s negligible and Wcv -O. (3) The helium behaves as an ideal ga&.W) Fbknhal 
energy effects are negligible, 

MJALYSlZ ’ From fhe mass rate 'oalaM.ce } m, - UJi+U vv\ =^V*)/V 

-TnFrQ<UjJC-\v\g "Hie ideal e^t*.aK<r»\ o£ stiaite. 
a - PTV 

^ p,. 

Tk exit - veloci+y is -fouirvc? icsii** Fhc sfeaAjQ -state. energy IcA.Icim.cq. 

O ■*#£-)&*'*>■ C(k-k)Y-C^ S > + g(£^2 > -. i] 

from Tattle A-2.1 ,-f-ke specific heat c^» &f he-1 turn is 

e r -<**)« ■f*) - «■*•* “va -“ft 

S\nc& Cp is a. coMst&ujb ah ~ tp AT a«u( 

\T -J~2 tfCT t -T *) + I/ 7 ' 


■/ 


= MSHffls 


32-2 It-Ufs 3 - 

176 fMkf 

1 Ibf 

1 6tu 


(ns 2 ) ff 


E/tuzHy 



(l IWs) 1 

(WS -PWfcfl 

\ H-ooi o».*g J 

| (M6o°e) 

i-ft 21 

(21SH Ff/s) (so IW/iV*) 

iHH iii fc 


- g.3SX/6-4ft^ 


4x 
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mo&LtfiA 


j cjJOUJfj : Me-HiaMe -f-Low S -H*ri)K^b a mozde. ty/4ti krtowin jfri)e-f coH^ft+iom a.vuA 

ci specified raw^e of exif i/eloct-f-i'cs 

ftW - P/of «*<-/■ ftfwperdfMK-e Versus c^ij- i/eicct-Uj . 

Scy£tfAT<c t (ziveu Data -. 


We+hftnc Cj«is (cHiO 
7>fi0°c 
V7 = »o wi/ s 


'^ / f///////////djjJ-^~\ 


W' ///////7 wfrfc^ 

(i > /// //? 


SoO ± V2 Sfcoo tvi/s 




£m&«. mqp6l. :(t) TVie con+rol voluwie. is af s4e<xd.tj sfate. ( 2 ) f«r4ke coiafro/ 
VoUoMe, Qcy- W Cy/ - O. C3 ) pdf-CKifi^./ effects caw be ijnoretf .C^J The 

yne-fl^kie behaves «ai Ideal $a$. 

AA/AtVii/S ‘ 3/ince la - h£-T) -for 4-he id ca./ ^ as f 4-Ue e.xi4 -f^,iaiper«'fur€ is 
defevioimeet toij €Vo-lu*4ihj h^ usinj s-iejuhj &fo4e vnasj «mc/ enevj^ balances: 

O »X.°X° - K-UO*i«^s) ♦ s j*£>] 

where m. Ttux5 a>i4U h = hCT) 


o 


- Ji/7*, ) - fitTY) -h ( Y i-^ S^ ) 


J k] 

i LT 

1 fc^-rt./s 2 - 

I0 3 M-wi 


(*) 


-for h ik \c-3/kq awet \J ~iia M/s. 

IT, 4-Ue -fuKcfums ladT) for vwefUawe fcM*) as qm. XdeaX <jas are 
acceded r-e*.(Li\% , avul 4U fo>r T*_ <s ob4<u'w<?il usiVj -fW -foUocaiVvr ^<fo. 
The resu.14 s are skoixm ovx-)W Kce.oiVkpe.Awjfoj -plo-f. ^ 


IT Code 30 

T1 = 80 II °C 
VI = 10 // m/s 
V2 = 550 // m/s 

20 

0 = (Ml - M2) + ({VI A 2 - V2 A 2) / 2) * (1 / 10 A 3) II kJ/kg ? 
hi = h T("CH4", T1) - 

h2 = h T(‘'CH4", T2) 

10 

// Using the Explore button, sweep V2 from 
II 500 to 600 in steps of 0.1. 

(7) Result for V2 = 550: T2 = 13.63‘C 0 

500 520 540 560 560 600 

V? (m/s) 

"X 2, 

Frorn OH), InCT-t,! * UlT,) + ( V LlS ). TUus, as ^ iiAcreases , V»cT»') decreases. . 
'TUev<(oee > T x Me reuses as expecW-. 

|. A scu^pl* cetlcalofioM uSmg 4tie c» fancfib k -frono Table A-21 4o ev« lu«4e -fhe 
enAWlp^ cU/u^e C4T) ujnfms +h 'is resalf. Wj-fb IT J 4kis i'n+e^ ntfiffA. ^ 
inof ^ece^sartj. 
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PR.015L6H 4-37 


iSMOu^: 


-- 7 *r c J^„,<W 

' T^-krrt^^ +KA. v'tli?^ 4t lU'f-fu.stt- eK/t. 

^ t id * G'v£KJ T>^t4: 

“ — —'-— -—-__ IV\oD£L 



Di /filler —i Compitssor 


Combustors 


1 ■ A S Jr^oti.ri rk^'te h j. 

^ t AM !vfi> if C ** t / CJj^y' 

-bk^L 

2 ■ Ti M Com W vu me i's dt 

J? „ ftr +M C(n^ ViJl 

Oev - Wcv " ^ a^ref 

j CAa ^ <'g ^-orW- 

T 1 *^ A+r- i* fVt^dWe ^ <£a 

t> Kl .^*qLjS,*_f ^ t2J\ 


AKJA Lysur, F£,r- + t "^» e.B« A-o i voi u^-t, } Vvt J " IVI ^ s: n^ , f\^ r«k b. Unt* 

rfc ^ E 

0-^fiS<^_y^ 4- rf u [0!i-ti i .') -v UAjPU p2rZii) 
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problem 4-3? 

KMcjwwI Oa4i\ i's -iuv“ <k <b exj- f u^U^cts. 


our *'4 -f< a^.’a^ 

p/^O* 0* 4-u-rf/v^+%’o <=^<-**.** t ^ ^ 'f*v, -ftp -^ua £-<0^ a. 

i ^><ri 

SCHtrvr*Tit £ i/'tTyt: 


fCo, 


Ai ^ 

p t - t b*ir 

T, - 3.00 K 
^7 - 2so *Y * 
*v 





P 4 ;. (■ i 3 *—■ 

**i»? 

- (HO ~>/S 

Ax 


gM<£ g » moPf L *, Tk* <H^kio i v~© (y(^J2 l-^ -rU*. Jc<M>i^^iX ^ X+^oA^, 

£4*Ci.‘ Z* Ki- f4^t c^h ^ CQcv - - G y <a*W < *s.**~5^ 

e (m tjwcnrtd* J, /4i ^ tA ^ i’cLs^wf 5 , 

A M ft ^-TTtf : T^* »^4.£C /MJt*. b^l n-Vs <_* r e^<to VV\^ -a- | j *v- 


A, VI 


A t vr 

•U7 


r- =?> - .ML =S >U /£\/7±ysX\ C(J 

J C PTil ft} a-r.//?;^ ^ - UlHt.A Vi J J 

T^ c^i'i ’f^ptro.i«.re_^ T^ ( C^w tj-c ok) e *i U S \P\J fc?A^A>lCC" 

o - ^®cv - j^tv -f-v^'[^ t - l 'i -t -t- jj Ej^TL v j J 


I x U i ^ ^ 

^ 1 X. X. 

Uvv-^ c(fc/k*. f *-©^v To-hlt A-Z"Z- 


\kH l Nf 

l IcX 

/ s"*-| l U 1 ! '** / s'" 1 

1000 fjwv 


r^lUlpH kX / kg 


TU 


e^\ 


\-xVtr(iokaki.^jg { r\ 77d>(t A-Vi. -tor k-^-^VUCH kT / Ug 


T-l. - \Zl,Z K, 
GtWr^’"^ Ax. £g. (<) 


Ax _ / lb**- \/ 3x>.^ K \/ aso ~/s \ 
Ax "* V, I.CS b^r/y 30 0 K A 140 ^'sJ 

-i.uAa- 


At, /A. 
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PftD &L&H 


OUlfO : £? 4 SSa 5 -fl-ir"cu<j>i an iwsu/afc^ ^f'ff tt^er. Date. 

l<naop n oct -Hte »'n/et a^ <x/f. 

EMU: Determine +M e*i+ fernpera.-f-ur*. 

SCHEMATIC- <£ £W£.aJ Da-m : ., 


RM3H U WjjVUj J^ 

- * <Wuwy- 

Soi,yapo^ 0)f _ , 

\r; = i2oof^s \f77T77777T^ 


P^loo ILfhV* 

tei 



Tr 


Fkj ^ *- ihod&l: (j ) The con-fro/ voiame is arh steady . (2) 7^e he».f- 4mnj“/er 

^ neqiigilot*.<Knd Wcr =o. PJ Pctev>-H<ci energy etfetfr <vn£t Jiri ►ieJ-tC af" 

«fc<f c-o^vt k>€ neglected. 

4WiVS/.S.- Tj»« ew+ pressure. /* <pW*. T/ie <5 rte/e if AW by tefeuMiniVw ti t 
VtsfiA^ a* £.T£o.$jy~ sfa-te bakoite. J J 

0 *$£-,)*£ + + ji^eo] 

tolieirte. KVi, = m* s. h\. S*l\/iU<j A*- 

k - k + £ 

From Tclo/e A-fie.j 0 ± p^-too^ A, = ^ - l(j?.4fe 0f*/lfc. rteus 
h = U2.4k fij-u/lk + ^ { /20o" Z -f4- z / s *i)| 


2 •■"■•■ '.. ’ 2. 

=• tmao aHL/lt 


i itef 

J 6^ . 

3 2.2 li-ftfs 1 - 

776 fMtf 


Tiaferpolo^tw^ aaa. Table A-tUP cct p^= ^>00 IIfJiVi* li t = 141,3.0 Sfu/Itg^Vas 

T ~ 2.22 •/=__7a_ 
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PR 06 LGM A AO 


K^OC^fJ ■ CarboY\ (hoxicle Houjs -tfi r&u^k a. tvell- ivtsalajed dfttuser uit-Hi knoui^ 
C&v(d-Cti'en% &-t Hul thief awA -txif. 

£M H‘ De-tem l be "tUe € < if ftK^jaerafi/tyt a^vust, pfeisure -fke. mwj ■fiou) y*t-le. 
SLhfEMA-ric £ ^ivsjj Da-ta : 

c °s U i/l/_/jj J^> A^/A, -30 

- 2-0 Ibf /i n , ‘ ! I'ff ! \r -70 f+/i 

-**■ diffuser —f—* v i zu 

77'500(|) 1(2.) 

v; * boo Ms ' A/ * y '7Jy**t 

AI - f*f IVi*" //f / 

eu&g. rviooet .: (n 7 "b<? central volume, is at steady state. (Z)Jfeaf transfer & 

d.vu( = 0 . (3) poientiAl energy <?#ec/s are ne^/ifl/^/e.Cvj 7fte fa^kru. 
^iox/rfe b«Aai/e£ <s:s an ideal ^ai. u 

Aft/AiySlS . S/fjce h-b£T) -jfer an u(ea_(<ja& H ie ewif /emp^rTO-f^f'e etiv- be fkiW 
by evaliLuhVg b z . BejjiivhiUg wi+K +fe s+e*tA*f - sFsfe ewevjy b^toMce 

o ^Aa -yCv ^[fii r k) +(}-—*) +s^A-t.\} 

w(i«ye rvi t *. 9 >v) . .Solving hr li 2 , aivX irtoffPiy h - b/-M 

= h K t * U t + 

CO^e^-e i-i is 4 W molecw-tar toetyM"- From Table A-^e^ F ( - 3 70 k. 2 EHu/ltnei 
£VYvd 


- VZ68 £k/ lkw>ol 

In+erpokFiA^ vK Table A-23E; 7^* Sbd-k^/Z^ 
To get -p t , be^vK wifk m, - rvt x , -fLuus 
A) _ AiVa 


/ Boo*- 2o\ & 

! l IH 

^£>1 H> 

1 BU 

\ ^ ) s* 

52-2 IL-fWs* 


778 fr-Jif 


wj-Hi -p v = RT 


u-., 


«T (a -^ - 4^ 


dv- 


Tz Pi 




~ 3 o, Ojfe / fc-f A 

Finaf/cj, ’A*uj rate }~s 

0* l»*)(gDO «k>(20 Iff/k") 

^ '“Uflifr £#)<*»•*> 

= 1.-276 tb/s ^- 


3* 


vn 
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PROBLEM 4.4/ 


. . Steam enters a well-insulated turbine operating at steady 
state at 4 MI’a with a specific enthalpy of 3015.4 kJ/kg and 
a velocity of ID m/s. The steam expands to the turbine exit 
where the pressure is 0.07 MPa, specific enthalpy is 2431.7 
kJ/kg, and the velocity is 00 m/s. The mass flow rate is 11 95 
g/s. Neglecting potential energy effects, determine the 
powur developed by l he turbine, in kW. 

SCHzrnA Tic f G : 



MoDBh: 

t , Tkc C trw f V© l ^ ^ b-O 1 

Tfcckh cK-b 

2, Pd r tflvv^rtl VP 1 ^ j Qcv - ° 

a^d Apctzo 



z; 4,^ 27 * W 


<S4 
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PfcCJSUrM 4-. 42, 


Hot combustion gases, modeled as air behaving as an 
ideal gas, enter a turbine at 145 l!>f/in. J ,27(X)"R with a mass 
flow rale of 0.22 Ih/s and exit al 29 Ibf/in.* and 1620"R. If heal 
transfer from the turbine lo its surroundings occurs ill a rale 
of 14 Bm/s. determine the power output of the turbine, in hp. 


5CHX rvw^Ttc T» 7~^i ; 



Q ~ flj tv - VVsv ^ ' 


Eto&fl MopGl 

I , Tvvj to^/rtl Volvic 

* •>+ S ' h ^ e 
ic.^e h-t pok-*^* *■'«■'**>' tfKfr 



tu.+£v 








frsw. ~Tt>u (aJ<U ^ 


W Cv - -I4?b + o.u^[%>5£> - 4 o/. / 0 ]IEr 

1_ 74* 
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PfioetEM 443 


KfjQliUi' Mr- expands -f£irt?Lojh ex. jwbine un-H\ known Conditions 4Ue 
I«(ef <xv\d exit. The poioetr diem toped is k/ioion. 

Etfe/U; Determine. 4Ue. vnassro{e And tee 

Schematic £ chi/£*J eatA : 

Air 

B® i© b ar 
77 = 4 CO K 

vr^ <v i 



W,„ - 3200 UW 
P„ s / (xir 


7^=5ooK 

' (*> 5 | 0 o m/s 

_EM6,<. mopet ■• (l j The 0?nfr<3/ /oluma is od~ sfecj.% s{ate.(Z) Iteed hvmster is 
rieQtiq'ible .O) PefeH+iAf eyxeiroy etfecfc an-d Uin&tic. energy at the inlet can 
Q) be. negJec^t.O) The Air behaves as ak idta.1 g*s. 

AA/ALYJlli ‘ Begin u/rfl* a. steady ~ state energy balance 

O 'eC-vj.^ cK.-W'i 

where vvi ( = tyi^ s vd m SoWtej ter' rh 


w 


cv 


w\ 


Ck-wO-S . 5 


From Table A-2Z; ii, = ^32<t3 kT/kg W h t = 503.02. UT/ig . Tkus 

C 3200 kW> 1 «V,| kW 


Vv\ a 


flOO^WY^I 1M 

1 *eT 

V 2- / | w-j-fWa 1 



- 7-53 _ 

The exit a.v~ea. is 

'V-x m f? Ta. M 


vn 


K- 


vz 


r*yt 


f 8.314 k-T ) 

v ^s.*n 

jCSooK'lC 7-S3 W 5 / 5 ) 

l r 

lo 3 M-m 

( t bar) ( loo "'t/s ^ 

| 0 S N/ 

i VJ 


O. I08 rv*" 2 ^ 


h Q.[>pfic<*-b‘<Idy o-f -{U-t- idea,! Cj*s Model can be checked lo<j 
retere nee. +0 FUe compc-essWilify ch^rf: 
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PRO0L6K 4-44 


fc^OOJM : Air ex panels +kroiAgW a. Vixvbme. wi+W knoiow Covvii+iovvs aA AUe. 

inW-V <\vadtexiV. TUe inlet ^ass £-loi>o vote avid 4-U« ipou jer 
develop <lA a,\re. 

ElMIX* "Dfi.^e'T'mCv^e 4Ve e-xit t& y'a pe rvxt ll re,. 

SCUE.MA-TU1 £ 6rli/£kJ DatAt' . 

Air = 255:0 

p=Koo ibf/,*^ (7p^ 


T k = t^feo c e 

^ - 10. S lb/5 



= IK. 2 Itf/fn 3 - 


gtoc**. fVlc>oe ^ : 0) Tbe control voUcme, is a.+ s^VeadUf sUfe, fc) Hea4 tmns-fer 
^ 15negligible.(3) kmct-ic <Xv \<4 ycA-ent-ial ener^Lj effects are negligible. 
b- 2 Qf) Tue air* beWaves ai aw ideal §as . ^ 

ANALH^ls . '. Siacc. W = UOt') -tor ctn ideot g«i j 4be exit- tevn^eva-lvuis can be 
■found Vxj evaluA. 4 iMj V\ x . SegnAAmg uji+U Abe sVeady-state, c. vie ir^tj balance 

o W, y + *v» t^r^O + t 

lobere w\ ( *vntn ^ omA uh-Ha assuLtvwfKo* (.3^) wegetr 
O - -VN tv + V Yi(W r lO 

V\ -"^w/w + K CO 


o<r 


Uii — g d ad-a -C i“o— > T at) l-t A ~ ZZfc f-or- j a ■— cK i >a.i €>r f! 

i/a. l a-e'j i-aVc (- 0 




(2SSO Up) 

l V 

| 2sks BWi, 

(10.S ll>/s) 

seoo s 

1 i K p 


R'luv 

A 1«S.0« ^ 


- 213."^ T^4-u / (b 


X nA-tr(io (a.Viw^ iy\ TaUe A ■ 2t 6~ 

T-t - 8 S 8.1 “R. «■—----- 1 

(- T\e l' cabi V i Vy of- 4-Ve. i ol ta l ai del ia^ t>,e 
cWec^eA reUrtA£t Vo Wt C« ~v p r t is’i Wl U 

C Wart- , 
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P/R066CM 4.4-5 


KMoWkT . A 5few.in turbine. cpe.ra.tes cA~ steady ifttfe u/jfh knot*m inlet aru( 
exit - c^w<£tf'tbm . The pouier developed «*v/ -fbe bead- transfer 
fate between -Hie tturbl «e uW ffs furrown<fmjsare specified- 

EMU '- Vehzrmint H*. veWefric -flouo rate- ®f S+eAm at 4-Wc 

^gM4T1C^CzM/£A; PATft 

5+ea.m 

f> =500 I btfin [ 

t ( = 8oo*f 

f^-0,3 IW//U*- 



<3« i 'i.5xio t gwir 1i X x =0.^3 



fiMfiff. ftioP£L.'Q ] TVte COn+ro/ Volume. Is <4 steady S+etie.C^J Kike+ic awel (ptAetUW 
energy Changes -fV»m i^kT-fo ext-f can ie rte^/ec-te<^‘ 

AMkVSlS: To calculate -Hie Volume £( ou/ir^L-fej !»e^f« energy rod*, 

balances f<rr the 3«ft'iV|cf ( eme.-exi+ covvhul volume at s-feeu?Uj s-We 

0= in, - rvi^ => Vn, - vvi^ -i m 

Os Qcv “ Wcv + ^ [cU,-V\ 1 „>+^^^) + .gc^4a'Q 
5«Ivik^ -£©r -f-kt ip^-o_ss t-lovo rcc.+e. 

Scv 'Wcv 


K\ - 




From T*Ws A - V£, p> = Soo /U/«k*, 7> gao°F ■ b, -IH12./ £kuU . from 
Table A-3E. j( i± p^so.g Ikf/iu 1 - 


K s ^fx + **A f ^ 

- (02,Hi)4- (0.^)0040,2.) ^IC^q.fcO RWlb 


Tkus 


Wi =. 


(-2.5x/o t 8ki./k) - ({S,000 tyj) 


IS<15 6k*/k 


t U< 


(W,*o-mu.|) 6Wft 


- lo.GHir{0 H ib/U 

TV fc v\ ^ -C r' o*—^ TcxUe. A-MF a-F p ( a-U T, • «", ~ I.MH l -C4 1 ( (fc>. 

TKt VO IL? M c hn ^ f^u' e. (K\- W \ V«,t- is 4-kt^ 

(Av),=*U = (10.0,4 *io , £)(i.‘MI^) 

- I.S1 *(0 J t+Vv <s-- 


(Av/), 
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prd&lem 4- 46 


KKJflMJ : A well-insulated sie&m fu.i'bme operates cttstea<Lj~ s/a ujttU /c.fu>u»>i 
fiukt Om.4 con^t+ioru. T^e pouo-c-r oatyut and (war* Ho u rftfe are 

Specified. 

§ 

F/MD . Determine five m/ef pressure. 

./ 

/ 


V7=3»s^/-^ »yj 


SCHEMATIC j frll/fiU PHTA : f 

5W // / H/13MW' 

77 = 5.0-t M^T |4v 

tu.rbm« rf} p^o.ab, r- 

T'J iQj'.xraptfr 

v/TTTTT^a/t ^ 3 , »r(« 

1 * ! It i t vv» = MO Jy/i 

Eh6 «. mo pet : 0 ) The control veiame Is df sieadUj state. (2) Head -fra nr Hr cat a, 
be ^ The patented ( energy change from infe^ro ex it can be 

AAMlY 5 lg>: Jhe.itMpe.r&kife « know* <xt tUe. Inlet. To -fOriUe inlet state > h, 
is determ\n\ed vsiv 13 "mass and energy balances, fbrfka. control \jo £u mx.. 



amet 


/$+ 3 K -*i*. => w,»ii* t SM 


S&!vtv\<y ■for 6, 


© - W c „ + m [CU,-k-»,> +(J~^ > +-g 


Z ir -"2. 


K - ^ ^ *<>^ 


From Table A-3 tar Salwate*^ Vapor at e> =o.o& fear* h =^5‘67.V t^/L 

TVus x * 

(73 MW) I0 S )<W (Uo’-^S 1 )^ 

r n SH~—/ t* 


'’i = <H0 Ws) 


I MW 


t nJ 




1 fc3* 


10 |Vi-*v\ 


= fcj/ k 


3 


Tia-fev-polaf i '^9 iw fable A-4, wi+k T ( -3(<>o ° c cv*A — 3»IHS.O fj/i^ jives 

fj ~ 25*0 ixir ^ 
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PRo £m 4-47 


KkJQujM : cU+*, #*c p>W<W JV 4-^b.vte,. 

P iNfP - T>« -l+r-^n* -H'e | >o ™«i'' L/e-kjCed ■A'-rlff, n^. , 

’SCH-zMrt^lC T i ^TVt EWCR. M-OQ£L- 



S- lo ^ , 

Vi*i »*> 

^ - 3io*tD/y 

Wc Oty_ _ja fci] 
A *? 


4Wjt 


M^pgL: 

I As I Wwn n’w s tf te k j eL " 

Cm-lvtil iT>ii/4vtf 


2 . T 


)„( L^ »J~ S-f*«^ SMC, 


3 . q.si u./s^ 


"■ /- / /^/ /'/v 


A ►-’AL'T'S’lS ; r«+-t W4«e a 4 v ^l- | 4j. e^erj-j Ao*t 




_ ®„ + ~ ov w- ''££■'•''-*•»"‘■^ n 


WcV _. ^ev - _+ £ ( Li, - h-w) -+ -t ■J CZ-i ~ 30 J 




» - 1.1 

* *3- 


</ (.Ui'hi.'J - C.3 ioo 


- 2.1oo\ ^2, = 8°°-^. 


■7^ X 

/ -jlx.-ii'l - $;*'^0( 3 'Al 7=r=T* , -ll'^M” °‘°^ ^ 






,[-i. 


I *+ £00 


- O-SL -V o- 




«a> \* w -- (iasa y «M J£ ) |-£H I II 


t33.1 
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PRoffLeM <h 4-£ 

2 ‘ M lTmrr CT L a ,Ur ^" e °P cra,i "S steady state ai 
' ! ; “ f vck>cit >' of '00 nvs. Saturated vapor 
"V? a vok>d, y «f -« «n/s.1T,e elevation of 
! ,S 3 “ " Shcr thi,n aI ,he cxil The mass flow rate 
1 n *= olT ,S / k8 ' S ' and ,he P ow er developed is 7 MW. 
.mtfht ,k 81 m/S V? C,Crmine (a) ,he arca 81 ,he inlet, in m\ 
■ ‘ (b) hc rate of hca ‘ transfer between the turbine and its 

surroundings* in kW. 





f Ct-wv 'frt^ Uto r u h* c 5 ,Vi 

+ t ~ « a b S fe*i^ Skit. 

2 - g »<?.*.>/*'■ 




Am ALT'S! s • 

. T±b\eA* -f 

- a, - _ v »' ir L - 6^/s>o-rfiry^ J _ 0 . C21 

A/f Vj (/ooi^/y^ 


Ui 


1_ 1~ 


(W CW-tUt'.vMj 4 2^, 

O- <&C. V - Wc V v CAi + % ~ 2 t\7 

(£3cv~ c ^ -A- vvv C- *r L ~tii ) " fe '^~ L —— "b ^ lj 


UJUjIajl, j O-* 


A-! o-J A-4j 
Vi_ Uj - fecw.i--3M ^Lj r -4S3.S *3 


*T ' "*5 


A* 1 - vA f (p> "•/a)*'— 0*> ° Vi) 

-11— 

/I— 1 


-TT - L 

J 1 1 K/j *'•* 

.IS i J itrN ** [ 

3 

^(2£-» tOC-VI 

1_*J_ 1 

|i!!i J - 

„ O. 03 ib2 

IKj-VSl 






IfcJ j Ib-W 

, v i; + iS^ f — 
$ CV = 7o00 K^-f _L 

4£S-* ~ 

.l.Jl'-C.o? 

j% I Irtfr 

= — 313-^ 



- 




CO 
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PR.O&L&* 'kAtf 


K^JOuJw: t\jbjf-eir -tltiios tinrou^b #. hydraulic turbine. iSt4h knomn coruLCttoyrs at the 
inlet awA exit. The power output is ^?ecc fled. 

FtMD : DefermiVie -ff»& ruacr -fioto rate, 

l£>fe MArte i &\i/Ek ) data: 


/vt&pgL ;(o The. GoviFni VeiixMe is 

at steady £tute,(2 ) Heat-faemsfer is 
(3) CUctKjez m f^iperafc-cre 
<UufL press u.r* fn .jm iVifef fo e* tf- ar<? 
neg/ iyii>le.(H} Kinetic energy co~n be 
yiealeoted at iU& /nlef. C 5 ) tke a.cc&ler~ 
arum ef gravi+y "u cxjusfai/ct 5 j *£61 n/s 1 -. 



AitACiSl 5 •. 7 b -ffiitft fiie i^iiiss ffowra^Sj beym (vith steadM slate pvulss ant 
energy rate, bounces 0 u 

0 ~ m,-#vi^ => m, =■ rvi-L~ m 


a-*A 


x *%> . 7, 

o * JUr-Wcr + V» [ci H ^V,J + ^^)^_gcs,-a t >i'] 

u^liere -flie £ i/t-fiwtpy -ferm is c an celled because at ftssumpfujK f3j. Solt/ma 

W C y 

™ =-rri- 




-NT, 


+ gi&.-feO 


Iviserf u 


VCL 

yv\ - 


lues 


'-I* i 77 

l N | 

1 lkT 1 

s s j 

1 2 

fo * N * 


= 10,100 ^i5<_ 


vyi 
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■pse-QBt. EM 4 . 5 D 


KfooaW ; «■ p«- c* knj <U-M. o.^ 4 , , 

6.--4U . „u^+. r J P Y,M ^s** 3 c 4^ c 


£( Ki 'ij ; DeMruvn* -f'A*. j fe, 


’ ^ c ,f ka*fc -h-nn j J^. /L. fj . , ' ' 

5 4**,*, ffou,.'^ 4^^ -Mu re^+e^ 


Schjwjtk-e eixjEhl 


Sfeam -\ —-- 

/?, = 40 bar j 77 

A = wrc 1 

(AV), s 90 mVrtiin I 1,'^,.,,^. 


_ £ 




£M G R. Mop£(__* 

4 Saturated !■ Ai T Ma +tvi 5 k e Fc bj 




, J vapor 

I ^4 = 0.6 bar 


Fig, P 4 ~$o 


Pi = 20 bar A r ,—-_ 

ri =4oo- c |--^ K^T 4J p T \iZ% 

^ ^rrticaiEr 


("Umj ^vifvTtif Voi^u^ e j* are. 

Con J'i'd e h m pi-i , 

2 Eac U £on Iv^ f Vviv fo* e t x ^ h 
.T -iecud y f fm /■ f t 

S'. Ar.^eA’d eh*rfy 

d* » 6^ /jM, 

4 R>r c&vt^ui vn/uivte^^ rW^ 
U?* t Mii*S ^er- fcLt 


ANJfiLt^fS; Ca 7 TKa i*v*ssf^ r« + e Qt j*(* t d 4 ■£«**, 

* %r. 

Fyovw T^tic A - 4 ei .4 40 t*^ fstj *r^ irj - o. o£q «iV^5 ■ > 

vA t C 4 o ^2/h^ ^ I Go^ nt _ ^2 4:5 ^ 1 

0 OS(-43Vv,»/tJ I 1 K I l^, 4 

A VI A-tJtji, bulatu.^. -py t (>V1 tvti 1 d/ll I u tM. f ^ l A-tL^do 

0~J^v~ vj<. u -+ W U 1 - Hi] -*- ^ [ V|, . h+3 
^«V- [_Chi- Hi ] -t- thi- M ) 

W-+W A»,U 7i-4Jiw A-3 *«.ci A-h| - 34<f S'-3 pJ / p 3/ ^ |t3 /^ 

H j _ ?44?. C t3(e-$ ^ h^. = ^£,53-5" 

^ ■* “ 1^1 

^fe\- 17-^7 

, . f Wei/ 

_. (7^*5^ ri<W - 

^ j Am -6 r^ <j r *.a c ^ j?v- Ccm (vo [ Vb I ij ^ ^ ^ ^-*-^0 

0= ait*/ ">*^v 4- ) ■**> r6ty-^CH 3 -kJ 

fiitv 

" -4- 
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PROBLEM 4-5" I 


lCMou)<0 : 5-fea.rw passer -fUrou^U a*\ e^f-rac-fio* -furiuMe opentfj^ a> steady ste-fe 
lm'-Hi tencu> m/e i a *« -e*(F domtffi'ovtf. 7V pooier output is $pe<dh'ed . 

F/A/D : Pef C rin <kse (di Hit ml-ct fkio rah ,(kJ the diameter of -&€ *xb~A chon dud. 

■SCHEMATIC £ frlVEA) PA-T 7 V : 


p, ^ifcoo >| 

T 4 £ looo"F 

\T;2ft 



Vv* a, 12 wi 

P z -LO itrftl 

T^= 4-5-0 e F 
\£ = U> fUs 



«-*-v 


£M4re. rvi OP^L. I + a re*ifv-ql v&t(j*** < •* f C 4^ fKrbfVte i $ «.-h 

5+*-+*- 2’ 4U_# c^tJvv'K-t)! |a«*+- -f^ p*> J-e i^-hV-C * IA * 1 CFv 

i€. ^ 
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LEM 4 -.ST— 


Air enters a compressor operating at steady state at 
1 atm with a specific enthalpy of 290 kj/kg and'exits at a 
higher piessure with a specific enthalpy of 1021 U/fc e xj, c 
mass flow rate is 0.1 kg/s. If the compressor power input is 
7/ kW, determine the rate of heat transfer between the com 
pressor and .Is surroundings, in kW. Neglect kinetic and 
potential energy effects. 
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8 L6M 4 .S 3 


_ Air enien; a compressor operating ai steady stale at t .05 
bar, 300 K, with a volumetric flow rate of 12 mVmin and 
exits at 12 bar, 400 K, Heat transfer occurs at a rate of 2 kW 
from the compressor i<> its surroundings. Assuming the ideal 
gas model for air and neglecting kinetic and potential energy 
effects, determine the power input, in k\V„ 
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pfcoecGi^ 4 -. r 4 - 

Nitrogcn is compressed in an axial-flow compressor 
operating at steady state from a pressure of 15 Ibf/in. 2 and a 
temperature of 50”F to a pressure 60 fbffln.'. The gas enters 
the compressor through a 6 -ul- diameter due! with a veloc¬ 
ity of 50 ft/s and exits m 198*F with a velocity of 80 ft/s. 
Using the idea! gas model, and neglecting stray heat trans¬ 
fer and potential energy effects* determine the compressor 
power input, in hp. 
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P£OBL0NA +.S5" 

Refrigerant 134a enters a compressor operating a I steady 
state as saturated vapor at 0,12 MPa and exits at 1.2 MPa and 
7(PC iu a mass How rale of 0.108 kg/s, As the refrigerant 
passes through the compressor, heat transfer to the sur¬ 
roundings occurs at a rate of 0.32 kJ/s, Determine at steady 
state the power input to I ho compressor, in kW, 
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PRoBLeM *S-fe 


Carbon dioxide gas is compressed at steady state from a 
pressure of 20lb IV in. and a temperature of 32 T to a pressure 
of SQJWVin, 7 and a temperature of 120T, The gas enters the 
compressor with a velocity of 30 ft/s and exits with a velocity 
of 80 ft/s. The mass flow rate is 0.98 Ib/s/ITie magnitude of the 
heat transfer rate from the compressor to its surroundings is 
5% of the compressor power input. Using the ideal gas model 
wilh c p - 0.21 Btu/lh - n R and neglecting potential energy 
effects, determine the compressor power input, in horsepower. 
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fROfbLEM 4. S? 


KfJOUJkl: A (Ajetl- ik sulaf-etA Air- compressor operates wifk known intetavuladf 
sfetes. The im let volumetric -fiou) route, is also Lnou>n. 

EJNJ2' Determine, -flue, compressor power and -Hie e*i+ voturvietric -ttouonxte. 
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PR06LBM ^-5 8 

H/ViOuJW: An r*iscr opfrfeieS wiUn Wnn*,^. povutr^ »*■» WV c« -vcii't-io-^s , a-^A 
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P«0flL£M -4. S’? 


kAJOuW : A ZetrtqtraMf ttHuccrvipressor foe inoujn OJ*£ti+t*n$ af fke inlet 
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F205LSM ^He0 


- A\r is coiMpf^s $ed ttf s+eady s+a.4e t-ronTA «. gweiA iVil+jal ifa+e 4 o a. 
AwaI yfeaare. TUa aaa.ss -fUouo is 1<.ia,ouj>a , c\.\kA e.cLct\ niA.i.4' ®f 
u,\A.dcv^oes specified procecs I'ngoi'w^ -frorw inlet 4© e*\t. 

FlKJD '. T>£fevrvime. ~Ha£ cowipressoc -power. 

Schematic A: 6tu/6ju 3>ata ■. 
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F* R.O 15 L E M 4-.&I 

Air enters a compressor operating at steady state with a 
pressure of 14.7 Jbf/in, 2 and a temperature of 70 a F.The volu¬ 
metric flow rate at the inlet is 16.6 f(7s, and the flow area is 
0.26 ft At the exit, the pressure is 35 Jbtfm. 2 , the temperature 
is 280T, and the velocity is 50 ft/s, Heat transfer from the com¬ 
pressor to its surroundings occurs at a rate of 1,0 Btu per Ih 
Of air Ho wing, Potential energy effects are negligible, and the 
ideal gas model can be assumed for the air Determine (a) the 
velocity of the air at the inlet, in ft/s, (b) the mass flow rate, in 
lb/s, and (c) the compressor power, in Btu/s and hp. 
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PROBLEM 4t»2 
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Air enters a compressor operating at steady state at 
14,7 Ibf/in. 7 <md 60°F and is compressed to a pressure of 
150 Ibf/tm 2 . As the air passes through the compressor, it is 
cooled at a rate of 10 Btu per lb of air flowing by water cir¬ 
culated tlirough the compressor casing. The volumetric flow 
rate of (he air at the inlet is 5000 ft'Vmin, and the power 
input to the compressor is 700 hp. The air behaves as an 
ideal gas* there ts no stray heat transfer, and kinetic and 
potential effects are negligible. Determine (a) the mass flow 
rate of the air* Ib/s, and (b) the temperature of the air at the 
compressor exit, in ’F, 
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PR.d!3H~k\ 8 


As Shown ... Fig, P4.68. a power washer used 10 clean 
" J l m * uf a ' ,ousc has tt; »" s'lilcring through a hose at 
2tr C. I mm and a veloeily of 0.2 m/s. A jet of water exits 
with a velocity of 20 mis at an average elevation of 5 m with 
no significant change in temperature or pressure. At steady 
Mate, the magnitude of the heat transfer rate from the 
power washer to the surroundings is 10% of the electrical 
power Evaluating electricity at S cents per k\V ■ h 

determine the cost of the power required, in cents per litcV 
of water dcfivorcd. Compare with the cost ol water, assum- 
■"£ 0 05 P^r liter and comment. 
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-PROBLEM 4. ?0 

Slcam enters a heat exchanger operating at steady stale at 
0 07 MPa vvilli a specific enthalpy of 2431.6 kJ/kg and exits at 
the same pressure as saturated liquid Ihe steam mass How 
rate is 1 5 kg/min. A separate stream of air with a mass flow 
rate of 100 kg/miu enters al 30 n C and exits at 60°C The ideal 
gas mode! with c p - 1.005 kJ/kg - K can he assumed for air. 
Kinetic and potential energy effects are negligible. Deter¬ 
mine (a) the quality of the entering steam and (b) the uiie 
of heat transfer between the heal exchanger and its sur¬ 
roundings, in k W. 
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Problem 4-73 continued 


(fa - ) For <* control Volume enclosing on/y -f^e tZ-l~}<4 ck. 
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PROBLEM 47 4- 


Steam at a pressure of 0,08 bar and a quality of 93.2% 
enters a shell-and-lubc heal exchanger where it condenses 
on the outside of tubes through which coating water flows, 
exiling as saturated liquid at 0,08 bar.The mass flow rate of 
the condensing steam is 3.4 X 10* kg/h. Cooling water enters 
the Lubes at 15 C and exits at 35 U C with negligible change 
in pressure. Neglecting stray heat transfer and ignoring 
kinetic and potential energy effects determine the mass 
flow rate of the cooling water, in kg.1i, for steady-state oper¬ 
ation 
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fW&LEM 4.75“ 
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Problem 4-75 continued 


From Table /4-2 2. ] ti,-3O0.H kvW/eg cv*,d la, = £&£>. 15 Further, 
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PRoBL-ervi 4--T-6 


Steam enters a heat exchanger operating at steady state 
at 250 kPa and a quality of 0(1% and exits as saturated liq¬ 
uid at tlte same pressure. A separate stream of oil with a 
mass flow rate of 29 kg/.s enters at 20°C and exits at 1IXFC 
with no Significant change in pressure. I lie specific heat of 
the oil is c - 2.0 ki/kg ' K, Kinetic and potential energy 
effects are negligible. II heal transfer from the heal exchanger 
to its surroundings is 10% of the energy required to increase 
the temperature of the oil. determine the steam mass flow 
rate, in kg/s. 
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P£o8L(rM 4-7? . 


Refrigerant 134a enters a heal exchanger at - I2^C and 
a quality of 42% and exits ;ls saturated vapor at ihe same 
temperature with a volumetric flow rate of 0.85 mV min. A 
separate stream of air enters at 22 °C with a mass flow rale 
of 188 kg/min and exits al I7 D C. Assuming the ideal gas 
model fur air and ignoring kinetic and potential energy 
effects, determine (a) the mass flow rale of the Refriger¬ 
ant 134a, in kg/min. and (b) the heat transfer between the 
heat exchanger and its surroundings, in kJ/min. 
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PfeBu 4, 7 £ 


A.s m l'i£- I4.7&, a condenser unij^ rixtr water 

1° coodeiisc skam wiih a m;t>* flow rale of 2 X ]tf k« h 
frorn sMuraicJ vapcir lo saiunutd Jr^ud Jl a pr«swre of 
<U h:tr L'i piupHwd for an industrial pr^nl. Measurements 
mriittlc Uuf several hundred meters up>lrcam of the plant 

thtf rivcr Jli *> “ ..vlric flow rase of 2 x (O'mVli and a 

temperature of W'C l or o ( >vratioij m sieady stale and! 

ignormi! changes in kinetic and potential energy, determine 
the river-wiiier temperature lisejji C, downstream of the 
phnt traceable to use of such a condenser. and comment. 
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PEosll-ai 4.?7 


Fiaurc 1*4.79 shows a solar colkxlor panel embedded in 
a mol. Ilie panel, which has a surface area of 24 fi' receives 

sea-zmA-ric fc data: 


energy from the *un at a rate or 200 Biu/h per ir of col¬ 
lector surface. Twenty*foe percent of the incoming energy 
is lost to the surroundings,The remaining energy is used to 
heat domestic hot water from 01) to 12U J F t he water passes 
through the solar collector with a negligible pressure drop. 
Neglecting kinetic and potential effects, determine at 
steady state how many gallons of water at 120°F the col¬ 
lector generates per hour. 
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A^AC'CVI^'. A-\ sP**dly 5 f^Jt -V'Kj I^-I^tj A-£_*. do 

Q - /rtj 4^^ — Vvi^i vwt| “^*^*2^ 


TTk* [o*-lav*<i£L ft'Lu k .£fli 4"U 

O - J2is, — ^ iC 1 '! *) +***i.^ t +^^^l.) “ ^3 (.**3 

55) 0- ^,U, 4 ™ t lii “ ^3 Kj 

"X trt «k- tiA6| *** ? - '■*"1 *4 VV ’ 2. 

3 . , , u ^ . • r^-u,i 

0 = w*, k, + ^ ^ - C**(**■ ^ i ^ J 7> * A ' 1 t 

iY OW T^Jb/\-fj 111 * "MlO.l M/iej • Ivi-w-T^-A-J, h 3 * SU.klrt/l^. 

Uj^'-Ha 6 ^ ■ 3 * W ^*\d 4 * 4 ™, ^r tfw, "F*^L* A ■" J— 


© 


TV IAS 




V\ { CC W* t HS e O ^ [Sg.HS'co/^ 

CV**.»* % ) - *•« ' t< ° S ' 

t. Uc^ e<*. \.\1, V^tss.iH Ux/uej o,4u<a v.10 ^/i* 
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PftO0l£At 4.g! 


KMOu)M ’. An open -feedtUcL-fer /tester &yerafe s wifU Anoion im lei- ahu' 
CoiuUr/pRS. Tim mats -f-tou: r&b af one in[ef i.s cjiu'en - 

FfM) : £ eleven me. tnz vn&Ss flowj rate. or -the second in !ef. 

SerigMfl-n C- 1 frU/CM-EWA -. p^lioetr 

j~e ~Ofi £ 


cx ir 


^ -7 kc*r 


saf./ieui^ * 3 



j I Vn, = 70 



g_^fee. model « ft) rAe con+ro/ i/ottcwie ir at Steady sfrtfe. ( 2 ) Men #--hnnsfcc 
Wl’Hi -Hie 5 urreu.n<l fn.js is W<v = c, -C3) Kin efte ^©fewfW 

enet'^tj eftec fs are negligible.. 

An Aim si £ : To hhd } wi+h-fie y^us% &mA enei'jj 

i^JaKces m o , o 2 z 

O^fiUv-yvff Vw, -*- rv>j. f l'i*+'^ 

-“3 

With no^tvi^ ~ m 3 a-nd iLSSum-jO-f-ian ( 3 ) 

0 ~ 'V/i, k ( t-m t k z ~ hj 

(K-M 

fnprvi Ta fe>/^ T, <=7>* t at 7 fear . frence, .stw-tc. I Is c o^^SieJ lifutd- 

u.<,ii\'+ es.3ki3- a<vU dak t>-«rvt Tof>,te /V"Z o-f* ¥ 2 .*C ' 55 

_ o 

(L) K a Kf (i;) + UjpCT;) L f> - p^t-CT;) J 


o x~ 


Yv^ = Wv 


175. <? icT//<j f (i.oofifcXfO''—) [ 7-0.062(b&jkir 

J 


— n (? i (<0 k'J" 1 

Ficrffier, f rom Tab/e A-3 

^2 ” + = 6^7.2-^ t lrfS)(jL0tob3) - 27ZX.X kTficg 

\f\j - 6>97. £2* icTf/cj 

/ni-fc - £>77,22 \ 

**k = (70 fcn/s) r 


| i 6 5 ^r^ 2 [! I ^ 

J ba.r | j Tc^^ rv ; 


V £-97.22 ^llZZ.2. 


- / 8*0 1 ^ 5/5 ^ 




j $ j 4^^*- 1*7" cjm LA-u d ; h L ^ kf fr ( ) 5 i>r. ^ K-ajfc^ * "TK<. 

*A C-t ^ *«. 02 . ^^/s. 
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P Rc 6LtM 


For the desuperiteaier shown in Fig. P-US2. liquid water ar 
state l is injected into a stream of superheated vapor enter- 
inti at state 2. As a result, saturated vapor exits at state a. 
Data for steady state operation are shown on the figure. 
Ignoring strav heal transfer and kinetic and potential energy 
effects, determine the mass flow rate of the incoming supei- 
heated vapor, in kg/mui. 

sch^ rn^Ttc £ fcnfgfJ £\Tft ■ 



kj£tf- Mop EL- 


+ h( si^ercK « ^ 
dz^y s+*.it. 

- ^ , X MHJ 12 

r**y K . . 

>-■-.£ ht 

-t * -e 0*1 < l4r < ' ^ C 6 " 




M«« rae Yvt3 = ^I t ' V) z " 

E n e^ fA+t b* lA 


C‘ ) 








(2-) 


Co* 


b*Vv* 


'3 t = 1 


C * Jy O0 




. . *» 

*^*1 |_ hi' "3 J 


C3) 


1 . l - -s_ sr f_r. s - 1-3 1 J=- *? 


i"r'C wA 




f(w. "7*. 1,1 


t a-< x S frr*-^/*-3 . 






Wx - 


rzTisr-'i - S3.?4 % 


— J 2, C-O | j^-3 

W-4 •'"i 
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pp.oei.eM 4 £3 

\ctooiMK ): L>*.-U- Af* prflix.'iid -f*v- A. de Svp-ti'hiA <-*«" Opt*rt hv»^ «(■ I f+«.t-e. 

F/^/pi ' -&) Fhr- m Spvcptttl -fW-Wi X* 4 ^ tV^ t £ 'H'-ft— 

JU^w.d -f<*w AiX> .(WP-4<JT ^ t; j^-*>**j /—*-£x V*^fu| ^'f Vl ' d 

ScKX<V\ ATIC d 6 m/I/ o 1>A 7#t' 


Valve 


-S-J. 

p x - 30 liar 1 

r,*32TC f 

mj= 15 k^/s I 


wmm- ■ 

^uperhcaicr 


i/>j =2t>bm 
* Simulated va;** 


f Valve 




fri oQ & l i |. a cortVci jMt e**c.tc>&i*3 d« j vp+* o/itk 

1 at\d *L ~ i t o^*" 3 Ji txA 3 +*+** . 2■ £&*•*-fK* <-#v%Hve>^ V'Btu^wJy VJ 1 O 

Wa^V J-r V^a* fcW f c pa**hvA 

1q^ 1 r 

A^fli S y £ ■ Tki )wtr lo*U*\<_t Anf s fpJti. Z^jUl da >^j 4 vw ^ =. *v* j 

TU^. c**A c. b^lar>c4. a. V 4 f**d y 5 S*-*^*s cj^ -/p I ^ £/W-^ J 

o --jsCv -y& *■ *"* Lv + - ‘“aL^ 3 *-^^‘3 J 

0 - vi,V», Wt - 

S 4 l, v ♦ a ^ W» v 


- - LS£] 


ti) 


(ftl Frot-v, TtfbJ.eJt-4j K 3 3“43.4 kT/kg. Frojv, TaWe A-3 ; 1, =■ ZT'I'J.S AT/Aj. 

fur-H-^ <rf T^loo°c , p^zsbtr ■ ToUe 4-5 g<V« ta^= S52.S ko/Ag. 7T^S 


^ (is ta) 


Z144. 5 - 3045.4 1 
0 5-2.8 - 2.141 .5 


- /.£>£? kjAs 




~fh& -£q llowJi i*g ^ "jo dt£.\j&Lop {La^cl 7© fl^yukucf- (t. p/o/ of- 

m* -i/3. 7 ^ : ' 


ipart O 


IT Code 

pi = 30 // bar 
TI = 320 // °C 
mdotl = 15 // kg/s 
p2 = 25 // bar 
T2 = 20 // °C 
p3 = 20 // bar 

hi = h_PT( , 'Water/Steam", pi, TI) 

(7) h2 = h_PT(*'Water/Steam", p2, T2) 

h3 = hsat_Px(”Water/Steam'', p3,1) 

mdot2 = mdotl * ((h3 - hi) / (h2 - h3)) 

Continued on next slide 
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Problem 4-83 continued 


IT Result for 7, = 2Q0X 

hi - 3043 kJ/kg 
h 2 = 852.4 kJ/kg 
h 3 = 2799 kJ/kg 
mdot2 = 1.879 kg/s 

TWi£ 6Cr*.paV« vs/’y ■fevombly w>t'+U +Ue- result o-f 1 •ptfirto 1 ), 7Wu,u>i4t\ 
b"Ue to^u-te-v" soUaHovl \fo-iidaJ-eJ. v use "fW Explore button a^-d suJeep 
Ti -Pto/vti 2,0 -b lzo s c iV s4«.p£ tb- * 0 . Tke ret u-lttV^ fxr«fX 4o 

cons+mc f bW Uo«i'» vvj rptof; 



|, bjofa -+Wct it uses. e^^rovf’^vwt-fioiA ef c^. 3. /4 ■/bt" cn4W(pfc^. 
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PR- 06 LEM 4.M- 


Figure P4.S4 provides steady-suite daia for The dialing 
ahead i>l the chiller coils in an air conditioning system. Oui- 
side air al 90°F is mixed with reiurn air al 75°F. Stray heat 

transfer is negligible* kinetic and potential energy effects can be ignored, and the pressure throughout is I aim. Modeling 


SCHTMATI C T 

OuldiJe air al 

7', = 9lfF 


- 600 ft/min. 



I he air as an ideal gas with c p - 0.24 Blu/lb ■ R, determine 
(a) the mixed-air temperature* in T. and ib) the diameter 
of the mixed-air duel, in ft. 


flo opt l ; 

1. TUj Co„i>T,l 

ike+cK T+e. 

2. s~4vy “" d 

& f c. n* o ^ * vij tv* q 

f. T>-» V.' ** **■ 


D; = 4 ft 
V 2 _ -WXi ft/miji. 


AkjALrS’/^; Kat» ra \< b«.Unu *. + 

- (Ar) ‘ - P. 6* ^ _ ,('4.7»K4-Ug)tzwoig | _. ,^ ?3 jj2, 

V2-M? l J J / 


RT. 


n 


*&s, (^K ) , tLigxx). 

^ n Tv ■ ' •* 


VI 


E^ver^t| rq.i^ b^iauf e : 

o=. / j3(»-y(cv+-' i «i~C vJ >i-i'»'>tX v, j-* 4Ai 3 ) 

^ o =- ^iDvi- k '3U •+ o -• II-Tj] 

_ 0*l.»XSfl>»g)+6 = ^^£(ri C Pi -3—— 

"* 5= -* - ~ O' 4 **** *»•«■) 


00 


p 3-^5t h vt v 


4- . 4>rm 

Tt 04->XW Ih) 


a) 
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PRoSlEM 4.ftT 


K fj ‘. T>1« Cc>kA*j3 OvI^K+J Q*f £'i£^^ple. ^ + s a ^ Cocj/ed A | H ^ 

'^-'L 9 u*t <Atc//inoiA-i'c x 

Pf*->T > : i^vxe rkpffcft dg "f^- 6 ^ 

-/W ^ ^c4j4 e <i ^rc n*-e t ■ 

S^HtMA:TiC <£ 6*1^0 U f\Tf\ / 


4 ^ S^e . E S 


•a 

eletWt'tV^f 


A 


T ^- t l±I^ 

■2- 

h A = S W/K 


Ej^<~_«_- I l« T"ht t!fc c co n-wpo *i Pn+t -fKi u^LWci^ ^ dJt~~ 

$\**Ay £-U+t, 

AwAL^SLs: The e^er^ "k^vtxfX- f^trvw Hr^ ilet+rc/v^ l c co^on?Mt1i txs 


to*w*cfT0*\ Ti 


kAtls-T^l 


^nA 4 5^W4tj 5+fc^j -f^ -«Xitjvi 1 ^ pou^-er^ prsWU J fef Jj c Wc 

4 l^ bju^f fa^t-pv: jo VU‘ AfJ^ 

hA"-SW|K. £*W^j T$ } 77 = L*l2£ q,^A 1]_* SOTlt (zz*C 


■** ^ ^r 

I ^c 

M 

© r< ^ - 3ir<(4^cj ’A—- 

5 - ^ — ; 5*w/f: 

I. TU+'i btj o-ppl^,^ €*er$y Ta-J-e fat l * AC/ ft) 

Cohj£eK**J L?p P^a- t [ * C IV^V-mT t- ' 

- 1 , firr axJU^ K/^ j ^>tcj tfi' Vf H* ‘"'“p-T* *l u^fU^ 4^ c hnsv-c* <_x 

4yc>«deJ b*j co«\vo 1Li 1 ia* 4^-* Ka^ ”?^ h 
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PRo3LEM 

fCAJpuu yo . /^ro^.'dcd for efecfre^Wcj <«c^u.rf c:oo/e^ 6 ^ 0.*n 

<5Ur ^-Cov^y iVxciute^ ^ oj ^ -^**'). 

p/#^Q‘. !)« ferkwHH-t Hht^J [viC -f-^ Q<-c* fc <J-f ^P /•-r' - # f k£ 

scm/ viatic£ tfVEM T>A-m: 

- 1 - ~^*r 

W ev/ s - [2S-W -+■ »0O\wJ 

a - IZSW 

a - O-IISkW 

0 -£ = *r°c 

gMSsR. foooEL *. (- TKa c^Vof Votu«A- sUiwv. i-U -ft^. i e^j i/k* k‘c U «-i S +e*A<-j 4+»- rt - 

Z- i/Dll/*—* j U^ » * - * U# i IXcKtTI u*% tLitx^ X ^aXa C/ po4* 

t'^ tv^d * ^ * A>C 14 *W ff* .£■ *J (VO *a-v*. t cL n », fl ^*3 S', 

4MA*-r&/££ A4 i^ =. 3 rwi . "Pk£ tnerfy r^fc tg*.{**t* 

O - We* + ^ fCh, " hi.)* ^y^*~ + jt^f^li.) J 

(-W«/) 



</v~ 


* 

Wi 




Ou.+u vCv - (A\r>, /aJ) <w A- h'«U-». Jfro S-Mx 


»u = (w),r . 

i-r, 


6 Utt H ^h -«*-3 <-*— ^“J "^"-1 ■**- 

<m - c* 1L 


fj 3 ]±. KJtYmiA f o->*r “ J /i ~] 

■ ~ c j^U 


- ? */o' J a? 

**J 
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PfcoGLeM, 4: ?? 


IcAjowaj ! pro ^i' tic ^ 'jtsr ^ J (a St ^ *j fi / if ? d! Lu 1 

etPtJv^wC^ co*<**^jokit*^it^f - £ a ^ ■[—*■ "h® ■ 

Pt+j-D* T>c-t-»^ h, ^ , -' t 'AC -pu^ £A_?c 4 fc*“v\ v^p o w £ r 4—a- 5<3L^" ( 3 v-y* 

ck do 4^. fc vwpne ^ H* r-e dJjT Cfetz-fiVij 4 kji ^C. to & Uf € - 

TCHClMATlC «& & i 1^ 7Vi ■ 



© 


® 


gM6>R.frlt>£?gl ; (. -pi^ tan-jrol i/olwM-ui *-vv -HU* itUtuuifi'c. i£ <#.+ S-f-t^^*^ 

s+*.-U?, 2. F^-fK, o^M wt^t, he-W fr*rtj-#v i"‘fu r t*-‘ Sur/pu^^ 

*?L. .'(L^ricJ J AJ £**i ti'M*.'t/ po4**/v‘^ enu.'-j y -faf^ecfs . 3. ?3r+^* 

tnWitvj & ^.d -w / -Kr-5 -/*'■• K (S bptT'), 

At-?ftL'f St S.* A+ S+txiiy S+A -’^ 4 / Vt ' | ~ M ' 1 i_ ~ , ' V ' > ^ ^ y A-*-ti- b *>. I A.H C. <L 

f't#- 


) J2!f&4 ■“ 


[Q.,-1.0 i C)J^ + 5 9^<)1 




T t tzc»"c- 

W 


= cu «— . 

j 2. W - ^U(»‘ c ) ) 


i Ux l 

l kW 

j ^ (*D % 

1 kt /* 


W„ > -2.TH ww ^ 


t. Al+tr<s-*.Vw*.l'y b<j. b '■* j VV‘h C tr»«« T».b*. A ” CU*"^ be l^ito(. 

Z. -Hv* usual 5igr~* covt^evt+vjnv^ W cy Hepf-eieu-Ts poujev out - (put . H-eMce^ 
4W. ccvvvhicuu.'t ov\ ^ouiev \ r\^>ucb uu\ W. ^scp'tesse.Ji a l+&vAa4 w eU i k ffcvws 
°£ tH wcuvoU u-de o-t- W t v 

D 6 | wj £ i.TI i*W 
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k Ma iM**' provt dej -for efrtfrt/Wc* cow^)o»fP*i fl ^ WK -- 

^ pUK ’iU^- Aft cwic d ^*1 fl’ on -to f W K*-C 3 i^ AcLi’iAg $ & 

tuA W* Cer^ I a E r a, +vv Im. oo^cdid ’fr^ ~f^-t p i<at & Ope^A fa tiw l% **£ 

s4c^dy r . 

Pir n/ Q ■ T)e *v* 4^-* 4^- b-t ^-*' * V^i t 1-&Y'. 

SCHZMftTtC c V&fitehJ 1 )AT ^: 

Convection # 

ceiling on ^s_ = _ O* O J to w 
j lop surfjvi <v 

/ J . 


Hkv uunic 
component 

Wc/- - O.S'toV 



r^24°C 


Erg&ft* mp&&L : [. A coi^bT>\ l/atunuc 4k*_ pUf^ - V«d <tkcfrrfl^ L ^- 

coi^-p o/ie^ ti u»k ^rw a.** in l<fV I n^t< E *—2. * T^-r d£»*^\fvo[ 

(D iU o.-v s-V^+^y iU+t. 3- ^r t*^ ^*,4**" ■CiA-W'jKfl jlvj 1 A*" 1 ^ * k -v Wr CTj xT-a^^O 7. 

4, k-iW-ht a *k * pot#^h' j*^ * b< O r^vw^re^, 

A m A t T £ l S* A4 3 4*ii ^ ^ -k^* ^ ykj-1^2*^* 1 ' 1 * A is & j 

A, V7 _ (j tpy^^VT 

m; 


►W - 


Avv 


VTfCT.j 

o^ 6 CV _ w cv -t 

. r C3w-W«] L 0 ^* -^‘■'"1 

W*L *=. W ___-_ 


k. 


fell*ot*Kj Ai oaMI 


X)- 


M 


4 v^CT.) f 

( (Qtv -Wev} 

7C vr L 

. Af OV)- kf tTt)J 


1 


W .-K «Ul~ f-K-T^tk A-i. v \$ (■torc) = (l-ooi*/toy"* t l*ij bjlu)’• lc0(ls ‘>; 

ty(T t ).- loo-7 Wf«J 


T>> J 

C4)C ( 

^ - o^og - f-a.srj) 

\ 

7T c 0.4-10 

L (it>Q<-^ ~ %ZAk) -J 


_ . I itfCm 1 


_ Q .00 6^ | | 


- t 

7* 

-<-- 


£ ff T-ii ftf * - 1^ 
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reoeceM 4.3 7 


I^nJOioaj : A —. o ^ \ o- exj?AA(Xs -fUvouu^U a. vd-Lve prom «.l<noum pr-eisure. 

a vmJ. 4-a.vwpov'fthAV'^ -Jo o- gwev\ A ( pressure. 

FIMP : IV-fe/rvijUe -fke exi^ - quality . 

Sf-HfeMATtC $ drU/E-JJ PA-ta . 


/> = 1.4 
- I 4 b«.r 
T, * 13. e c 


0 ) 




O.os m 
o.y bAf 
7 



or 


Moqel tu) A control volume. ewcbsiV13 +Ue valve is <*.+ & 4 ecuUj stede. 
Ci) The rWW^-eraK^ u\M<^«vgoes *- fUrotthAj process; 

ANALYSIS : According ho ciaAu from Talole A-14, <ti f t ~ 14 tar j 7^ = !(»■&> °s . 
Smce T, < T Su + shrk. I is i* H'e compressed ii^u'id Vefiifri\. For Simplicity 
0 toe use 3. J4 4© tra.lnA.4e. U , } a*hollows: 

h,* k f <'T 1 ') a 113.17 W/fcj 

where -Hne. value is oloj-asUed -hrorvx TaUle. 4-11. 

Bcfi AS£U yuph-OU. C -2.) 

K = ha. 

" + *x Kfja. 

Sdlvinj aW. i^se-rAVi^ ©fft-A. Aom TaWe 4-Na.f p^O.8 i>o.r 

K- hf * 


* - 
2. 


^3 


113.17 kJ/% - 4.Q4 ta/fcq 
11^2.13 leT/i^ 

= 0.3317 ___ 


f. hi ere ; tue U«.ve /gwor«z/ -Hie efhech &h pressure. or\ pUe specific enhUelpu of 
rehri^erattt, W£ could IrvKve. use.d &g- 3. i3 -Jo es^imoA eAecf e{ 
pr-essu-r-e . Xu -Hu^f c<Me, wau/ci have teeiA 133.^4 UTlky } <xud ike exrf 
*fU.oA'+ij wottftf Uave bee«4 X t =0.ivi4 ti3.34%) . Thus, usihfi £^. 3,/4 is 
vhry AAtura-he. in 41'US case f cond Al\e approx/moAton. oh 6? 3./ 4 is 
Co oh Lj used ulkevv. CeA' ^Cra/h Vn are AnaUjAe^, 
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Problem d 


Kmo o>aJ i Pr-o p >& wc. e*paviii.s ~l'Urow^/\ a valve TVorn a kaoton iniet •S'na.-te "fo a. 
f*n.<3w;n exrf prcssuft.. 

FnvJD 1 . Tiefe irm ike exi t IfDvipemtutre. 


<&.) Hectf-huvi spec k? Ke^ligtkl^ -p - -jo d c 
QJ*A. W<v =■ 0 . ( 3 ) km£f'.c 0 .vu( 1 

poteu+ii*4 ewevjy etVecfs arc 1 ^ .ij- 

Wfliiio'iUc. C-Winrft/ii^ process.) 
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P = 1.(9 «P^ - ll.t.* - 
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PRdBLEfA 4.^2- 


* 

. -r 


KNOltSAJ : RefrigdrflKt 13^^ e?cp<5[vx<is -f-Vi roix^in <x. \>a tvc from a. Joiccoio inlef 

stole 4 o <k Itooum precsu.re. 

F IN t> ’. X>eferrv\ine+Ue 0014 •Wm.perofu.re- (\v\d ^ualifij 

SCHEMATIC j ffl,t/£lU DATA : 


Votunie is at Steady slate.. 

(2) Heat -/nuix-fcr is nt^h'^iae^ 


1 ^ n * 1*^1 U /IV' J t w V |J M. I ^ 

v\ eg/igibfe. Cftirctf process) 



AlVAC/SlS: Ttn accor^awcc. uitfit fkc 6K a ni f>tu>n-£ -for a -ibrcrtf b'ng process ^ 

||| = h z . from Tao(«-A -lie; t; < Ts^t® 140 IL-fltii*- • -fkuSj -five i^fef (Stete li 
/'n flee. Offmpre-ssec/ /i/ruiV re<p’<n\- T^OriWj-Hie effect of p«?ssure an -rbut. 
eMiAftffy of fwj Ta&e A- 106 gives 

fi ( - Ji f fSOV) = 37.^1 6 fu/li 

^Sim ce. h z - U, = + Jtj > dado, fro™ Table A - U E af SO /tf/iM 1 a iVe 

“ I'lf x 




l 'fg* 

37.^7 

23.7* 


a/nc( 


^<US 2 (/s.sO < 3 - 
X = 40.2.7 t> F < _ 
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KAJou jm : $4 <mvv\ 4-LowS to/oiA.jA A. wt//- tuiula^ed VA-ive -from spe.ci-fied iml&h 
COtwit-ftcm^ -to <v lciA,0i*>ir\ ewif ^*ncssur?. 

fiMb : fa) iJe-kv-miHe tot tX(f ve.in>c\Uj o^d enf-leM^W-forit raiio 

of ('ute^-to'tJci-f ipi'pe ci<ftw.ef€,/£- y cA./J-l. q.±J p/of -/JLt <?*£+ V-efocUy, 

fttyfi j versus d-id^ irfiLujiw^ fV-o*M fl-z.5 fo 4. 
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re led Is obj<Mlid -/n>rvi fit« energy b&lauce of sfe«.«Uj sWe 

P-'X'X, +l ^ ^ u .- u x^ 


(2-) 


O' 


\r = JTTt^kT) + 


U *-M* Iaj 4rxnm T^tJcA _ 4E 
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2- V L J II® 132.^ iKfiiHinsff-lWl ^ 
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{b) The -foiloootAj IT co-Ae. caw W io solve. £y^> O) <v*ACz) w/M T^e. 

QssoCicded dcL-hx. -for sfea.w\: 

pi = 500 II lbf/in. 2 
T1 = 500 // °F 
mdot = 0.11 II Ib/s 
dl = 1/12 //ft. 
p2 = 200 II ibf/in. 2 
dratio = dl / d2 
dratio = .25 


A1 = pi * dl A 2 / 4 

mdot = A1 *V1 / vl 

V2/V1 = (dl / d2) A 2 * (v2 / vl) 

hi = h_PT("Water/Steam", pi, T1) 
vl * v_PT("Water/Steam", pi, T1) 
h2 = h PT(''Water/Steam" p2, T2) 
v2 = v_PT(’Water/Steam", p2, T2) 

0 = (hi - h2> + ((V1 rt 2 - V2»2) / (2 * 32.2 


IT Results for the sample 
case of di/d? = 0,25 

J 2 = 434.2 a F 
V 2 = 3 139 ft/s 
h 2 = 1231 Btu/lb 
V, = 20.01 ft/s 
778}) v 2 = 2.490 ffVlb 


WsiVw ■ftvfi. £xy>/ Dr ’ A button ( Su/csp -from 0<2.5 fo 4 /w sfeyjs of 0,2 S, The^ , 

c&hsjyuc - h fUg follouui plo-hs • 
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<(.g8 l-'ig. IM.'JS slums p.iil of a refrigeration system consist - 

ins or ^a^changcr. a «cvapon«or a throttling valve, and aviated piping Data for steady -state operation with 
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Deal 
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JU 


Ke frige rant l.>4a are given in the figure. There is no signifi¬ 
cant heat transfer to or from tile heal exchanger, valve! and 
piping. Kinetic and potential energy effects are negligible 
Determine the rate of heat transfer between the evaporator 
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PROBLEM 44^ 


"D tMrt pi'Ou*'J« | J -ftiv c. -f-CiLst^ c.l<iwiw op-ef»-HriA *»-f- sfe*.o£*j 
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pi = 10 // bar 
ti = 36 ire 
mdotl = 482 // kg/h 
p - 4 // bar 
x2 = 0 
x3 = 1 

mdotl - mdot2 + mdot3 
0 = mdotl * hi - mdot2 * h2 - mdot3 * h3 
hi = h_PTf"R134A M 1 pi, TI) 
h2 = hsat_Px( lf R134A" 1 p n x2) 
h3 = hsat_Px( 1, R134A", p a x3) 
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Problem 4-99 continued 

liitKj p -A bar as a. Case. 

/T Results (p = 4 bar) 

m 2 = 385.1 kg/h 
m 3 = 96 87 kg/h 
h, = 100.3 kj/kg 
h 2 = 62 kj/kg 
h 3 = 252.3 kj/kg 

resulH compare. Very favorable uJtfh Hiose. of parf(aj t KJou} / uiiy He 
(explore bu-H&vs > sweep f> frow\ l -k> A iwr tbsfeps o-f o./ bar. thea t He. 
'following pi of cclm be. umshuefed : 

500 
400 
2" 300 

CD 

•E 200 
100 
0 

123456789 
P (bar) 



JUese plofs i lAipl ^ H&f as 
areaf-e^r ffacKir* *-f fbe 
-\forfof. 


■fine. pressure u* Pba fiasb cU^l^ p f ij decreased o_ 

:-:--- ~fUu) l< -f(aske$" -fo saiu-rafeJ 


unco/wi m 
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PR.oBL.eM i-.ioo 


ftwir in 


Carbon dioxide (C’0>| modeled as an idea] *>as flows 
through the compressor and heat exchanger »hown in 
Fl "‘ |N4 Ihe power input to the compressor is IIH> k\\\ 
A «t|uid cooling waier stream flows through the 

heat exchanger. All data aie for operu!ion ai steady Male. 
Siiay heal transfer with the surroundings can Ik- neglected, 
as can all kinetic and potential energy chun-cs. Determine 
to) the mass flow rate of the CU,, in Itg/s. and (h) the mass 
I how rate of the coding water in ks*/s. 
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PR-oElcM 4 lot 


k tJ q m M ; ^y - ^ 4*. + e p p<? ^ a- +V nj d a r ^ p rc v*» ^ * W -fs <" 0 - ^ ^ ■ s 'k c *' 4 ® A * ^ 

^Cco/^ - s4**»w j <r rt€ r a for" — _ ^»* ^ * *i tL . 
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+io(. j^ff , *v »»-o (Vp Irrtifnkc/. 

Sch T static 'P VJ M D # T/y: 


CshiutM 



III 


f/<?. P 4.101 

En£8< model : (I) 0£44\ ton+ral V/aiaw*e.s arc oJr sbeaJL y sfa+c,(2") H«af -Wks-fcr 

/S hCgfi^ibfe b^KA/eeri eacU amfr^l ^(ume 0<mjL ifs Surrcundr^s^ W t y c o 

it? h£a+ ^xdA&^ey - ; (3) kinetic a^\ck p^fettKa/ enerj^ eATecfs a^c. neg- 

/ fa ii/e ■(^1 Car b€k/l\J&$ £bS an. l4e#J QoS. a,+ (XprfcSSure o-f W.7 ihtfi** CS) 

i S* e v"* [ U *. -fc d, ^ ^ ^ C( 7 M^ jtW'.fl, <J ' 1 

AA/A-LYSfS 1 The -h&rbtitc poa/er can be ctefcmtH&rf ~favrn cvn katawoe 

^ce fke steam ftou-* mfe is cfefetjnme^ Be^m wifln a s4ea^~steck energy 
balance &n +He jen.e^aiar^ 

0*1a a - vw 6 ^ v^ A a m b a m^ s 
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ik X 

p 5 « ff..W\ (fl2o V) 
be.17 Jb-^J 

, I u* 
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From TaW< A-ZZ£; h* = 14^ ©Ju/lt, W h B = H7.23 Ww/lfc. /erfite Wa^ 
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Problem 4-101 continued 


Turning non; Jo Jkt tonbrol volume tVLciosti*qJi\e Jixrloihe. 

O W t + «A sl . [tu v - UO *• 3 

Vj- “ ^st 

Ustf'Vj cLlK -^rovv- 'TVjpL* A-JE" 
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^Wjl ^ u? h *©^_ e^fJLoii*4 £>o 

^ -ftp ecpv^^’c c /I d_V , 4.f 1 > u ^ . 
0 u>m^ 
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PR.oeu£iV| 4 jo3 


A simple gas turbine power cycle operating ai steady 
state with air as the working substance is shown in Fig P4.I03. 
The cycle components include an air compressor mounted 
on the same shaft as the turbine. "Hie air is heated in the 
high-pressure heat exchanger before entering the turbine. 
'Hie air exiting the turbine is cooled in the low-pressure heat 
exchanger before returning to the compressor. Kinetic and 
potential effects are negligible, llse compressor and turbine 
are adiabatic. Using the ideal gas model for air, determine 
the (a) power required for the compressor, in hp. (b) power 
output of turbine, in hp. and (c) thermal efficiency of the 
cycle. 
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PRoBUriM 4 'o4 


A residential air conditioning system operates at steady 
staLe, as shown in Fig. P4.1Q4-. Refrigerant 22 circulates 
through the components of the system. Property data at key 
locations are given on the figure. It the evaporator removes 
energy by heat transfer from the room air at a rate of 600 
BCu/min, determine (a) the rale of heat transfer between the 
compressor and the surroundings, in Btu/min, and (h) the 
coefficient of performance. 
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p^o gLf M 4-/05^ 

Separate streams of steam and air flow through the tur¬ 
bine and heat exchanger arrangement shown in Fig. P4.105. 
Steady-state operating data arc provided on the figure. Heat 
transfer with the surroundings curt be neglected, as can all 
kinetic and potential energy effects. Determine (a) TV in K h 
and (b) the power output of the second turbine, in kW. 
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Oev = - C-Mi)tP' r ii) 

-Tk.4.-^ +k* 1^-4 +*«* re~u*i e««r 5 j t «4- 

bu f lvu^ wiirlc ("a*« .S^c. '4-4-0' S>«« pv^‘= 67^ ^ E'j-CZ'O A | V^rtiKv*^ 

. _. Lib) 

O^CV ^* " Hi J ^ 

(fid vn t ” O. Us |»%5 q* i <€] U*4>a* & f vvi t * 3 . p^"/ ^Ta * 

Gw: - P.^7- = - C l to-0| '2^j^ |(0-7W0 | ^.j = -7 ?k0 -*- 

{>,} m,^o . S.«c*. M,-. p.v;bt,- p, v/P7/i J «n - p^/> 

d?cv r - ( ^?,1V - -(**»*«■ - 0.1 !»»<•) 1 ,Fii>-*-l 

. - - 27 .? **7 -*--- 
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4 - 10 ? 


k■ A pinKo^f (Vi 4k-* K+SAti ini h*ily t vatv m J~*-***^ j 

ctftd CLi^ «A^-Cri f/TOI*\ 4^ lurrvv^^'lrtji l/nfl'J 4 ^ l**J SJUft Ms t bAJV 

P/NjO: 0 ^ -jLr^ kvm i^, 4 ^-* /> *^ *—* "/"* ^/%**■-£ i?-^ 4^-t a (r- "I^m “#* ** C. 

^Inj AbUrtCJ V^m f fv k< fw#*** fW f^A-fc. Ce*\it*\ ft f ur/D 

SCHTfVMTK £ Gfi/tAJ 7)A74: 




Z'S’f S/ 


✓; 

4v=0.7^-? ! 




Y,\ 


'I P a - ibnr l 

TX-? . 

^_I 

* / / / 


I 

Xi = 2S*e 


CD 


EN^- moDE-L ; j. TK 41 C0*afy^/ IS 

j-*<j Urt. 2- F*r Cov^ Ui/ cy - 0 V Q cv ~ O J <x *vd |£t «*JU'cJp-v fe n 4\ +J> 

■Cvvcry^ Kf^Uj/d/f . 3- T^-* 7 *a tr ^ ci , a4u*^ 

^/ts< 4 . ~p^ C4HcU‘4von ^ 0 -f e«*4vmj -f4w 4*n fc A* ^ ^ C-tiHS ^t ^ 1 

V b**^ "i.1 ®C- 

AnjAYSlS’ "T*Ke >vu!ij r*,4t H^k-irr fA-p -/qw^ 4**<vfdf - vv*^' . ~T 

€t^r^ r*-^< re <A-^i ft? 

<UA V = Aw + **u Kc 

Cc^h.^i -ft- *~<i *^1 b^UMCt y -**« «^5'■**''$ 

a^£w/i^-ph^ 4 ^ ^ 

^Ucv - ^ 

u * ' 

<rr tk ^ ^iK ft Hy *^acua-k<d 

*»k w t -^i u, - J ^7 u i - ^ ^0 

Fr^TVW. A-tt -.V -O-^Kte'C); 

W , 1 K ■n=Hi( w sfc (has # c)- 


To irt+«rjv^* +W«, +c^ tr.ltre •(, -t*-*- <w u,,^ 

fi'U>M) jv-« l» u y re «'•'■ +* E<} Ci) w*•+’''■ ^ (pw-)^' ~h> 

w, -5. U^- + t P»r)^ 

^ -tu. -fjjiir w- . fr «Ust«i^-i u> S'ec.4.A.2. " ru “0 




4 k< -fn-K^C. 


c^ji^Q^a fwK^ii b-f c^u^e, 


ujOrlt ua dortC 4^ ru.rrpUK6^ j- -ft on* t*> vr* k <j.ri “/ ^ 1 
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Peo&CEM 4-/0 it 

tCMflWM ■. jAvi electric, resistor" -brcws-Ccrs ewiery y 4o eur ~fro/w +l*e sui*/owwdLi'»j>s 
ert4c/uiAj n. n^t/f, wJfil/i-iMt -M-nte.. fU-e -4 (ia«J pir#tsn,re ti k.^ow>«. 

Ft M b '. ie -A tie -lima. I fem^rvafung eA & I r~ in t'Ue.-fa. nL. 


JCfcfgMA-7~td j- 6»M/£Q 2>»-M : 


Y'--- 

-/ 
j ' 

1 

1 / 

J 

1 / 

1 0 

1 

V 

-1 

V 

, 

i ^ 

1/. 

jt 

i / 

L 


V=0. 5m 5 

^v>, =0 
( (v ; ‘ lo °W 

A-t= 500 S 


Ti - ^ 


p- = / »a,r 


«tr fiie -w-nu. re i4«un s ctrvisfaaT. '/’ft//////- ‘ 

(5J H?r ~ttv 2 resisfor f AUytz^r ~ 0 ■ 

/fA/Ai^S/5 ;rti« tutus rale b«lancc re.d*LCes -h> dvn cv /d.-f-z ; c+ncl -Mi£ 

Cv\ev$\j tale balance reduces fo 

d tXtf i/ . ■ • , 

~^fT ~^Mcv " Wcv + *^1 i “1 c 

&>itbiwn^ cMa-ct iii+eydE«tt u^i*^g «.Cf m myjft£n\(+J 

/TU^ - J t jj i'*; kj'tit 

* r * 

= - w«.„ ^ Jt ~ - w ev ^t + fc* ) 

Wt-Hi /3TU CV , - vm i Hj- yyi, u t 

w t u t - t(w, - -w 4(/ >i-t +C VM i _ '^» 'l 
rv\^u x - - W tv +■ U; => - ~ ^ v ^ 4 , ■ 


0y tfiSSUiH^A-KmOj^ /V? z - F *-V//zr^ } <Z*u4 


“t. = 


CO 


vaIu^s 


-W 


tv 


4t * - (-ioow)C5oos , i|-L^Zi| ^ sofcr 

1 io* W I 


RTi XyT^ J 

I Cr z i'vifc) 

f i ^ 

3 

jo 

0 k>«,r)(D.5-/vi3) 

| J D 5 N/m 1 

1 kT 


= (5.74 WO' 3 ) 7V 

/^rorvi 7at>^/V-2Z^ h £ = 244. i~7 koA-g ■ Tiu^s 

u a = (5.74 A/ 0' 3 )( 50 JJ) 7 ^ * 2,44. 1 7 fcOVk-j f zj 

£^.fz) ca* b€ solved 4brT-2. HSivig ak rf-e/«f i/i^e jproc^^Cui^e. wi-h U cl Xtfr~ 
-ffow\rcit>le 4-7Z. Tke rtf£uffLs 

T z = 0&S3K - 392.3 *C 
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PROBLEM 4- fO*f 

icfO ou/fti ; A o^C **r 4 U ^ g iV^m. sf^ft /f /A.y*t^p^ M+C? *1 tOM+ai'^er 

ia<'h*i t ! U* ** + A 

f/Mb ; 0 * ** ™*W*t p-X#|fu^ o-/ Y 4/r /X 

scKt/vi^Ttc <££/«u IjATA: 



Com aimer 


0,2 lb air at 


CF rv^ct>EL - 1 Co«*-*nsl #'f sLe^ii i*n +M- i£co«A*^a«^j **j £ cM nZ*'C. 

TA* *f. 4i> rfHA^W comtjkrtf vnW Jf- pMj-tj ffo^ ^qcLc . 3 . 

C<j ^ fir^ tfihsvu-J J = O j k#*f |/*ni|v" *^j+*s. t^-* f w/rtfvK dn>ijr C#vs. V-f * J ^ <j 

fc.*i? h^f4i4t*hi-* «*i-c^jj 4-Tiu k^^UJ *-*pflii‘*i fvrtk*aii* r 

AmAl-YE it 1 Tk* r*.^ fcad^Ai c re**U Jdt; ■= ^ £y^*rjj b*l*j*M 

fC dn^C-* i Lij i 'fv*- <Jl*C** & £ f w fr^-p K £M^j Yt? 

CD ^Jg* = + a- ^ ~-' * >v 

QjA Vi—T- dwr^ 

WH* *si*«pk.^, k; a**~.v*j cowk-/’^/ ih^jr*^ o*%-+'*»«. 

1 . 

AIT- [K^ *> Z*tr tfv , i k- 4 vH e „ ^ U| ^ V‘ (**.-K) 

w 

usKtre I haiS 2. *i« ■**+< +u-» f^‘-k“-* a—®*- -f\.w.aj ikJC»a t»iVi**>»’f*'*. 

TH*t *» j Mj*. lib nr.d ^j_ - lU> + 0.2lf,2 l-l U>. Salv.mj -fU- U t f m[#rfi>^ 

p""Tiu b li ^'IIE LL X 

4-1. ^ kv,,u, + _ 0 IkO^J-Ot §i|- 7i*J = *V8.Z( 6+s 

i*>, !-*- Ifa ** 


T A ‘4-*^^ij * hfajf 
Usi^ 

■\r- **« ft'Vpj 


L-J TVt-JU, A * i-lG hj p cv g s 7 ^ = 

41 *** ^ fuwv ( 1 ^" y ^ 

j + u * f>^Sfwre t^j 



5?^ ° g 
S+o**- 



18-8 itrf/i 1 ? 


1 - Tk* pii*ncjfi- tUrj in*-! U-iri trft-j «vi+fr +tM -y(- ui ^Od*ted t ^ 't^L, 

$Urr^yi\d"i*\j| t \^-e t f H'kA-rc ^ ujd^jc 

£*>hefC (Xif- +k* Co*i Wi "TUj’J If L^Ccs^&r* [*^C -f^-s. 

Cpi^i^ 4 trkvs ^ Ai r i*>in 

"JW fttUuJmj j 4* ^p^r^b\r^ £?-^ -jH^ «fr *^" 

1^3 tucker m/Yifc4 714 ^ £ 

(I fe Y^-* -p t * wr ' 613 c ^ct, 
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PEoBLEM 4-1*0 


JL* ^ u> * J - v* 


A rigid -fmrtfc */ v*o/v^^ 

*-Ql+r r*e * +- *V 

*_ U~f u+ it- 14 Wn (>TJ 

flia^A a « / *"f W * H 1 ^ ^ 1 


**, 4m**> -p k*f^_ 

|J t\*£euht*} j i Ifiwji'^J Xx ^ ^ 

cj, -fW* CrflKI £5^ 


E /fJ 0- £fl J ££ A^* ^i»iL #ji ^ 0 ■ S^, *^r ^f' **n-* **< 4^ i'X 4*«» fc ^-*d 

4^-* «.*"-# ^-*4 - C.*0 Pi of 4^-* ***-*51 i^' 'ft^< 4-*<-*^t £*-+* A k**-^ 

+ra.t*f^*r ^<^ruf fw,J r y H 5 'frtw A24o/-0. 

SgHtivirtr-rtX <£ Qf^TAJ 1>A7H'. 


v^por 

* \ 


Pressure-regulating valve 

"le. 


^ * 0.06 m * 3 
p * 15 bar 

r$ K t * o.zo 


U’l t>.d 



£4J6^« MODEL ; J< TM cort Vo! yme li rUcu^#n fn i*t^'ft v C * 2‘ 

c ^ W t vcX^i^j^ W c ^ =_o €*\e^y 

3 . A4 *"**4. £. +^ s 4*4 *. aj A^’riJ c^«s4*+^-+j aj ^ Uq i_*n U^ H"U< p- ^ cU‘^ ^ * 

A*j A LrS(£: T’V_e ^*if r** 4« b* \ a h f £ rud i 4 ^Ae,* /d4 = - *i*i ^ UJ .+^\ ir*^J i O-ti 4 

avN^|)h 9 A 6 j 4^ ^aUhcjL +0 


^ = 03^ - ~>e ^ ^ ■42^ - <6 

du4 


_ tv -f- 

d.* 


TK*A^i-fk Atruwf K*v, 1 ^ ( *W4jr*be*^ o fi **-**■ A *$ i+M* 

^X-Tc^ - <2cv -v ^ ^ L U t - U ( — Qcr 4- ^e C^ a -^ ( J ? of- 

L*i,-m 1 { 0 


cScv - 

^tWl- *I| 

>U| - 

h e =t Z742- 

i tc-CJJc-3 J a^d 


-4) 


= (««*!).*. 

o.T. [_<>• mff- 

uni] 

^ 10 4 ' 

/0» 3 





LI, U| K f -i- J - - - — 

(u,4fc-^C*^c ^*\uCj fv^ V x ^ V,f + X^tVlj-Vf.^ a^ d U i ■=- + )<.?_( U j 

1 M; - 

0,5 THe^ v 

3 q , c(* hv 

-, »i« 

64 3.ifc-0.5LiS^4.S - 643.it] = 17(B. 0 •‘O/c^ 

=S? Q cv ^ C0-4»iX »*?<«^ " fe-mY '^3.*4-) “ I’Ml.i.C 0 - 103 '' 2 ‘ ,<f ^ 

r zsgt.rpj - 


___ - 0.10 3C5-**- rtl *- 

7^3 -c^ »A 1 *’i- ~ a.o<**& 


Jftv 


next slide 
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Problem 4-110 continued 

(i) l>ata ar £ ohbxCneA ~h> mafcx 4^ required l T, As fo Wowj : 

IT Code 

V = 0.06 // m 3 
p = 15 //bar 
xl ==0.2 
x2 = 0,5 


ml = V / vl 
m2 = V / v2 

Qcv = m2 * u2 - ml * ul ~ he * (m2 - ml) 
he— hsa^PxfWater/SteanrT, p, 1) 

ul = usa^PxfWater/Steam", p, xl) /T Result (x ? = 0.51 

u2 = usa^PxrWater/Steam", p, x2) 

vl = vsat_Px{ i Water/Steam ,, 1 p, xl) Qcv - 2547 kJ 

v2 = vsat_Px("Water/Steam' , 1 p. x2) 

The result 4or X^O.S comp^r*?_s Ve/y -favorably uj<-H*Hre result of parfc*), 
fJou), usmy -tUjL cx lope, butiovu, *u>e^p X^from d>-z +o/.o ru sfcps of ixos, 
Tke 4b//owmj p/ofs &re ovriibrucfect ^fror** : 



x 2 


3500 
3000 
2500 

3 2000 

<§ 1500 

1000 
500 
0 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 8 0.9 1 



We see 4k-e plo'ts4UArf 

the. head* 4ranj£^ twcmaies 

raj)idk j ohMaTC^ 
yym^s \ djrops 

r&f idlM as 


~ x 2 
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PROBLEM 4-J/l 


As Shown in Fig. I>4 | | |. a MO-fl 1 tank contains H-O ini- 
nally at ."SO Ibf/in. and a quality of 80%. The tank is con¬ 
nected to a large steam line carrying steam at 200Ihf/in. 2 , 
45ff'F. Steam flows into the lank through a valve until the 
tank pressure reaches 100 Ihf/in.Vend'the temperature is 
4(»rF, at „|,ieh lime the valve is closed. Determine the 
amount ol mass, in Ih. that enters the tank and the heal 
transfer between the tank and its surroundings, in Blu. 

^crtg^Ttc 


Slcain at 
200 Ibl/m \ 

X f 

/ 

4^i u l’ 

/ Valve 

l\ 

"Hi 1 — * 

,1. ^ 

y " 

* 

\ 

Ow 



nr 


Tank 
Init ial I y: 

i0ll»Win, J ,.i , = SCW 


Finally: 

100 Ibflin*.400*F. 

x l _ • — - — 


EKiGR iy\qq£L : 

1 . Tki £cm*4y^> 1 V'tt 1 ‘f F 

fVw s£r+ch- 

3 . 

t A* **» fiflrtf Hut ■ 

3. W,v^. 


Analysis *, 


Fig, P 4.111 

A (5p In ^ W'Ji v, ''-ec?> £ 


- vw ‘ — m | 


ftwow i" a 4 “ I vu i C 

,|crr^ cev,br = i. 




’I „ 4-K4: £ C^C ^ S r ^ / 




M -f < ^ 


\fe b*J- 

"Cv p 

_ f ^ 

3. 00 !*-+ O-S-f (??S-0.001?) “ Ikl 


V/-VT A+ 


^ _ 3oo£t 3 _ jit- 1? It 

^^ 1 - lipfSTf- , <- 

, vr _^ 34 . 4 ^/ii 

- 4 , (5 I i 


r? ^ 


, . 1 (?rj <* Us - " " S3 ’ £S 

(*» a - W J " * ° 


e*ikfc 


TM b<*. <? re<Lucj3t f° l ow ' 

a^w ^ q c „ - ** - Qci,+ 

a-t x " . *. 


T^-W-i~V«5 v^Kw 3 

w> 1 u VIA, u 


^ GJcv. - 




+U-* Vv < 1^1 

tL „ . n _ 

A* =^7 G 2 ev * 

sj’V a |4, if 6^1 rj * 

\ lif H +0* f ((OSt S*^/ 

T^-rer-*-, w- J; ^ u4^ «W«. 

ft„ 4 L 's =" 34 ^ 

P-'Y i («.aCC'nea«s/d-&»«a*i 1 J»»VA)- *.««•«*•»**>> 

_ i- ST 1 0 H- 


O c 


CX<- V' 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















PZoBLEH 4.112— 

tc fOOuJte: l&ihmjfy " j Ui ‘A* *v k_ t £ jf-V U ^ <4 "ffo^ «. 

Sfc*™. U^fAT -f p-M Erur'f uC 4^rvt *44* mi ^ /A i U p . 

F/hJQ 'r t A ) De W^>IC -+K4 (Vi -tk +5«^<c ifcJh**-* p - J 5 tea/*. 

(*) Plof 4*Ji w^*£i 4*^ fe***p<rr^ Hj ff irt -srcrttw -fro*** <3 *f to f S"k>Ar: 

*5C HTAi^T'C 3 D4^7>4‘ 


/^* ” ^ £ bifcf* 

r +'m Q c 


/ 


■m 


£. <£ rti 


V* ‘<? M 


>^V/ 


^-St^AiTPk Li<n£_ 


Pi 

; f 

t 


EW(£^-MoD£ L *' l, “TU-* c 0 ^ Kt I volume i” s, i U* u;vi 

+U- 7. FW Gy«W\ voi^wmj ^cv-°y 

G^s-O, a^d t<*tbc/^i>k"hM eurrjy *ffrt fa or^L. 
nejU'£j,ble, 3 44 «* irt Aj s4* p* tonj^At 

AMftLYSK: Tkj ***w r*+* b^U^f* rt±d\ *« 4 * 

i*n4*£*4e^ j ’/■k* b*rf***Cj^ 

reduce 4 o 

<gy= s^-^. * -A-» lS-'- k - la* 


S»«, ^ « ^iWl C*tf*~f.J.~?Ji +>'^ 1 "*‘ 

^V tv -. V, ^~> ^vj^-^Xu, - Klw^J ^ 


to 


/* } p - j <T ted- r. fr&N^ T*. A - 1^5 2*1*12. ^ 3j fc^ * T^€ ^ ^ i *i ’Urp-e U fi v * —^ /£***'' 

1 ,,K U i; a'm-T-H/es j ~fi - u-^O.zi/w 3 !^. Tt-i,-/—f>«-* ■“*»« 

3 ^*---T* 


1 ITi. O.Ill ^14 

( b> '7" ^ m hoUouosi 

IT Code 

V - 10 // m 3 
pline * 15 H bar 
Tiine = 280 // °C 
p = 15 // bar 

u2 = u_PT( r Water/StearrV\ p t T2) 
hi = h_PTfWatef/Steam M , pline, Tline) 
u2 = hi 

v2 = v_PT( Water/Steam ,l J p, T2) 
m2 = V / v2 


- ^?.3?fc5< 


.v«. 


/T Results fp - 15 bar) 

T 2 = 4247 c C 
m 2 = 47.39 Kg 

v a = 0.211 m 3 /kg 


These reu^lh compare 
V€r<y -favorably u/rt'Lt 
resuHs cfyuri(a). 


hJoujj us*^ fhc £>p/or^ button j SW*ep p fr&f* Q*i Tt? i>^r^ in Ow* Ttic 

*feitewing ?tohs r^rrt 5 ^ruc^eJ -frovn fu# Ac^ta. : 

425 


420 - 


U 

o 


415 


410 



p (bar) 
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PRO&LFM 4 i'2> 

Kaj'^uJ/O: A shrove tank Cortfa-'itfinQ f?e hi^enuLim a develops a. lecJca.tlcw]i*j 

t /ofor foes cAi>€ until fft level of oahdmted liquid iH 
He ib-Wc hc-s dropped -fo <x k^ow^ \ra I ia&, 

fm/J ~. pefev-miW "Hie mass of refrljentucf-Mot escaped &.wd -fUe heat 
transfer 



SCHeMAT\C i Ci V&M DATA \ 

6>jfeg. rwooeu *0) f°’ r -Hie to*iWo\ 
VOla^ie , W tr -O. (Z) fCivxe+ic ft**! 
foKiAtuM cfkc-n n.revxg- 1 '^' A ' 

lijiLte. (3) Ike. prt'isanc. is 
Ctfnsftm.'t. 


f e 


,, i ■>* , 
* ; > 


^ 5<xhV£Lp©r 


ps 100 Ifc-f/r«7 

P** S«.f. Ii^u uf , a (.(e-ft 3 

Vf S O.Skt 3 


ji R-an*. 

fWAiy^s : The tmss rate. WtavtuL +U* 4crrv* - - rvi t . Tnt^ra-hng 

Jni c df = (mass escaped} 

To f 4ite f/nasseS, u/.*e -five. €j\ve.v\ volumes <%**d di a/tx 4- It b at 

ef i00 Itt/i'n* 

( L(* ^ ^ f a i"> IL 

U ‘ _! CJ' = (0.0I11.Z. U-' /U>) ^ ' 


W\ £ 


V S , v^Vf, _ 2- Ufa 


ix. 


- 9 ^ o.sisi 

Wi v =YVit v + w^, - llO.^CIt 
SiKtulavUj -fer Sfale 2. 


0.%H (L 


anU 


VMf x ~(i>0,0<o I' 1 ® j - 2.S3> U> j lb 

[\jif ^ ao.^u-w.sq -sz.n ib ,6_ 

j i 


wiasc 

escaped 


Uli+K ascuvwp+ionr (ij a-^f. (X) ,tW &neyigtj raie balance. racU-uies frs 

* Qw'Wc^ 

ComlciliiVij+bc wvajs s?a».c( evK-ng tj ra.f«. Wta.t«e.s a/w^. inf^jrafiv^ 

$ tv * w»^ - *».u, - kcOn*-**,) 

fro™, above. ; /m i - £>.00(^4 <w<A X t = m s^/i'« z = 0.0H0H 2 . Tkjus^lji+U 

ct^fc« -ffe>iv\ Table A-IIE 

-tCj = Uf ■+ x,. ( -<4f ) - V1<H SHU it 3 ^U = Ski/lb 

t^A. loo ii^LV- “ 11 ^*4^ 6V/U, 

TIws 

^ t ^ d 

- 15-t-u. -- 


cv 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 















PROBLEM 4 . 1 / 4 - 

fcMflaJAJ : ^io^ty fr o ^ ^ Cu <JU - <*t f* #* J Ic. ^ 

V^l yWC t/n-kl -+k* pA^4Tu**« mjiEU*k -Hu ^o r T’Kq 

■fKi 4*.^^ l'J fc<jD+ Ce^xH'nFi't eU*c fr i'c^JL A-« f i ^/dr^ . 

fl kJD *. t*) Ia/Kh^ p -; /i»-f A*, y ^ t 4< ^ a* < »\£ -K*< k4/#U*vi UMrft* -J^-^ 

*n*<-jy 4o ^-k, ^Jtiil»r. 0* ) PW -p*-» ^ LW*. hb'ft of p*st(*) wv (u j P 

1 ^5 ^ro*^v 4 p 3© 

EW<££- rVlopEL^ l* T^-» ton trot va*vi*e_ 
14 :U*^n rt^ona-fM^ 2 R^ 4^ 

^C-cv”^ J o*t\d. 

bj- ^K4>te 3 ■ l/ia\ ui d*-i * W 

dS^ * sU-Ji 5*C> 4-. T>* ^’SJ &i 

4^« *4 s**#U e^^ a U-te b* 


SCiVSf^ATLC £ &i\t£ Aj D^r^: 



r= ib&^F 

. 3 o tbf ;,V- 


A^At,y ; 


TJn^ IA*h*4£ 0*f bel<Vr*T WiHUifiS4V\ 


0 £- 4^ *Af i A +*/ , l T*-fc UA 0 Y - **^ 

* 4^- 


d*f^f$*soc (q-c fwec« -f^ 4 - mi^ ^ ^ 4-w* 4*-*.fc 4^ ^ 

+i^c ^>4U X*JtU~ +XWLC - ~ \Mt- h*z- ^^ ^ " /£ 7 

^a^a -j iWt- ow. w. u s**,f,-+c. -ft^ °-*> -f»tuw jkWt Pa-fU 


..i+Wr^ J " 


tX ~ Ll ^ (p. - p- “) — 
?r ?.t ^ *t 


I l44*'*. l | 

| 6*+i) 

1 lft v 1 

11 



^ (| 0 _p)C4.2f^^ 3 ) ib 


u) 


uo 


Tkj ^*fi A.*.4* JLlkn li b4 4 ^^/44 - — .L ^ . Tk-* fMf b A - -. ■ • zj-*i -to 

J-K f /At - J&Z - ** W — tJlflUe . TkX ty^iyUCkinj iW f ^ ^*.UnUJ J And ^ f tfrt 5 4'^ : * be 

4i.e^^> ^U«v =_UJc +l?.0« t/ ^C-0'«,)-. w 1 ut-fH 1 u,-t«.,-«.,)li e 

<ix ^ 

t u£T); U, ^ u{Tjy tip " w fTj 4bCp^)e. * TUm 

(J) (r Wt/) a £ im i ^(p u» 5 £Us u* h 6*^*1^) " C^f * ^-T 

'a 1 ev<->) R-pJV/^ 7 i ^■'‘' i, ^j (-^O 3 (Pi-pl"V’. T<-—#-b.j 

C-U.„> <.M-pl(sSI«*- (5 > 

L/kf»i pii©|lffflik'j £*j.ti) — 0 0S"0S , 6^* ^ J 3 lVfJ> “ ^ 

I5SS Rh* - 

Pt-OTi 



I- Te Iv^iA-W,^ f K*. 4*b4 t Ccn^t4 +«,<--<■ ^ 4^-* AJJi'J Wvf+ ptno^,-^ 

e i\^r^y +o ^ ^ 4» b\ K e^u*t ”h> Jb -f-^-« l-*-^ Wflrt 

^ t. ^ 
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prto&ueM 

fcNCKO 10 : Art in-s«fate 4 Tank. ConWmVv^ o jcyg en (tj.) (3 connected, -k> 6 . 

/me cammi* 0 * y 9 * v '- /4 U*bfe oetu/een ike.-k.nk. «W The 'me 

if <yp£n«.« oimcjI q&s -ftoos into ike fa-mlc. uk 4 i/ ike pressure reaches 
+W.T of the (me. The vf-Wc ii close d a.nd emA-kmlty ike -fa-rk. 

Con-teviH c °ol b&ctc -k> ikeir ini Hal -hn^pe rah^te, 

fiAJB: Determine. 00 ike i&nk fe.Mpe.ra.hA.tre. coheM. ike. vdt/e c.lcses <^d 

(bj ike -fma/ 'pi'issj ure <w fh* f>W<., 

SCUFMAtiC t &WE KJ VAT a : ( ~ I I ^‘iOOltflu^- 

0 i i L _D T t = tOO°F--SLO < 

gw aw -pel ; (l) For ike control volume 


sKOun^ Wc*-o.(2) There is wo heat 

fromjfer during fUe fil I mg protef-s. _ a j . 

(3) kinetic avutfotentfad ewe^y effects v= 

<xre rteqliqihle. li) The sfctfe of "Hie. yp 

O z /V\ 4 ne Saoplij libe remains tOftCtawf*- 
( 5 ) The Oj behaves as an (cfca/ ■ 



/ ///////} 


f t = 40 li.f/ik 1 ' 

T =£0 

fj = lOOiifln. 1 - 

r,= 7 

79 =%a e F-S 40 *(? 


/M/ 4 lV 5 fS ' O) Consider -first fine ftlhUa process. The mass rafe UT«nc«. fa&’s 
fhe -form = noj LO/+U a5sam^ft<m5 0),<.z.j.anpU3.), The ewer-gtj 

r^e red-tAces fo 

^ ™: *■< 

The spea-fl'cewWIpy T1/1 tWe. S*$pVy line «. CcmsWi. Combmmj The. ™S 5 ^ 
g V»e cj route bo-lances t aa-<T mtejyraTmj 

= In; 

Us\wj -The t"^ec4 <jas e^uaTum ®f s-Uct*. 

p> v - Jkl 

RTt 


VVT, “ 


RT ( 




rccvrrc^v\gvvi^ give4 

«.* v<; + ^-5- ) 

frorti T&ble 

la: - ( ew/ibM 0 n = ai ^ 

1 V ^ 71,00 lb/ Ifarnol j 

'ia, * ac.T 3 . 8 / 3 , 2.00 = 8 s.su RWn 

Jw. Sc wTi m ^ \/c*l u.« S 

1A Z = 111.4U - (0.0Z8 0-)^T Z 

Since IX-i cJl-cpencLs cm T x , The Tin»-( -fe*vuporo.ttAre t«.nbe TouvuJ by i-fe 
-H 5 i'n^ data -from Tab]e .4 - 2$£ &vJi Thij ecp r^ss ic-a . The re SlU+ i\s 

Tt.~ GU{ v (Z - 7.01 °F< -> 
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Problem 4-115 continued 


(b) To dte-ferm me -fiie-. ycessur-e, e*£ t-er" -ffie. tcrri-fewls £>f- -fke~ 4& cool ©rf, 
-first -fik^ +ke vw«.ss 1V1 fke af/er -fiie V«t /C closes 


< 

1 

(100 SW) 

I4H i'h 1 


fiSHS -ff- Ilf 'i 
*32.00 / 

(CM °£) 

l W- 


- CUSfc ib 

TkU. 5 ; Tk€ -PvtAAl pressure is 

V* x rt 3 


r_ = 

5 


V 


(i 3 Sfe i (32.00 Jc^q) _ ?l-1 lif|i - 

C S') | 1441 
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raobiEi m -4//6 


: A 4aof kvt#ujv^ vo\^^e ruAfiqtl^ co u4a irUs j-tca*4 ft s p<? cff )td sW«. 
is Un4Utftrfiu)H 5|ouJj uk+U -fUe pr«su.Y< 4ro ps +o pr^ssur^ p, TU* 
Hvwpe^* 4 u^<- is kep 4 Gcr*i*>*,n> by k**Lf -fo 4 Ua 4 ^^ tonJeWs, 

riAJD : rai -H*e -braLMff ^-for p-/‘i MPa , til Pfo-f +4* k e*f 

v-ersM* p ^rpyv\ 0*S 4o 4 A4/**. 


schematic g Civey *> ata; 



IW*1) 



fVl 0 [>E LJ ^)£^ r 4Kc VifuH^t. 3 k s yj n in +k* -fv^ vrc, O fti\<J K^rtt + i'ft 

fc*e/^y afffc-+J £*n fc* t’j*v£f£^* <l) Efl.th iVs+^Wt^ P^trU^ fa -fkr*«jk*u4 t Kh^ r 


fthjAL_Y£lS ' CaYTht «*a*r ra+t la* lanc^ * 

+ht b^Urtte fs 



*4 K« 4a r*^ d 


*£i t . L?t.‘4 k* fi'Gn J 


Ts4r*4ij 4ke f'awVt toflOfc*f£ and f a Vt] rA+f*\J ^ 

^-Lr ev X Q„ + { *> ©ev' **»- u * ” Wl ~ J t W * dM t, i 

^K,rt »-, d««.*V«i +k, *«,( d-.-JUtV +•(* f**fc. M d»y f«*+»,+ , ** » V/V u.i» n v (V 

tpfinK't PoEumt *t- *4^*4 <‘*t+*aT dd-i*mf*Hrd bj Jl**C +Ht +*nfc prcjru^t „ "IWh**Ny, 

p x T bMfV j sp Tfcfctc A-4 ji'stt* v t ‘*W3!7b w3 IS, Uj * A71P * J /FJ. Fi"t*M^ fti|. se v l ~ 

O.flbS'tflft J u L 5 1*J7.| *V*=J * Tkm 





OOSSJfc" VtJ 


3 K3 



I* 


0»7fc5 H 1 /^ 


*«*3 


Cz) 


Par Back o-f Stvffral pirtft(w.tr*i i k fx + kt f*Wr**l /,JWJ< P C4,fi j+^t 

+Kt 4fcrt^ lo* C-fLlCwta+t^ in H k C ^nK*r AJid 4 t^e ^ fi H c e*+k*Aj#y 

Vi t U^ir^td TpufeUA* 1 ^ *+ TWC +** +A*. p^rjjrn^. THent «H*i^ 


put e-f VJ >*V cjt'vevy *hott 4o non 3 hr uc ^ci, The area. ^nJir +^4 

fro^ 1 U 7 . e^*h +ht t^rm - [^W^dni *( E<f>u). Ai +^i f* 

very «t*r^ (,-wetv-j *h«. ^vir^e ^Ut '.{ ^ bt u, t Jf 0 «v«l«^ t +-fc4'J 

m, 4tK^ y ■ w ,, , p 01 ^ («■ f- g*?; 

- (loiy.ar ^ ^ao,i3*j) - 40737 it3 


Hrw! 


- pk e dM = [■ 


FTk*I{ ^ j futtrKnj VBkUei m'tv £^^ 1 ) 


<5e, t fe.t1^)(«<7.| ~ )- 


4e7J7*=0 


5 ts j'V )(CT - , ^- 


Qcr 
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PROS LEM «•"?- 


toOium: Air escapes sl°u>ly 4 rom <*. -funk. %e inlj-t'ai sfak. -final erasure 

are fchowirt. Tfe lUaut remams i<A "Hit -h-ntc undergoes a. tooLyfrapic process. 

FIMV> \ Deter in me 4ke >ie&f trans-fer far a. Control volume enctoimj 
■five +ervk. 

jC^gMA-riC # 6 -n/fci\J PrtTA: ' / = l M 


P 1 C.) 


Air; 


\ p - 300 

« 7;^3£?<9k: 

* iOO kPcx 


c#vi s"C* 


rviop£L ; 0) Ferine do^mJ volume 
SftOv&n j Wc/ - o <z.) Kme+ie ar\^ potertMf J 
emCC^tj e{feoh arc y\€#li<jilole-*0) Tfocflir i 
rema^mg m -f-h£.-faxi/wc un ciscoes 1 

proems cte$crti?e^ i)y pv*- 2 '- co^rP. ■ 

0#) The. air *£ yviottelcj as 

t4/fi\ eapsfiMf sp6crf ic . 

AtVAIVA/S : «ui4« rcd& balance 4 &k*s fke. -firrnn ^ ,vt <w/ f i+ s '^c * W+h 

-ft*£ a£SUvitp4t0*5 hrf'cJ # 4iie. energy balance i*s 

d Ucv i " i 

iSiwce -fli6 Process occurs slowly ^ +ke state o-f fta air u* +Ue ta>»\lc tS 
uniform or any +fm£, tLuas^ \J cy - h- - ut^r Juscnkng 

-pke*£ eKprfrssiovu iiaHd £n alony u/ifk 4Ue mass rate balance 


V_ * j 




Q^ +■ 


K +£t ) ifit 


Tiu^s 


c>r dtr = m du_ — i?T* d. iv\ s. m Cy-dLT- £.t 


U) 


ColcIa. 'fe.rv^ cm -Hve rigWfc j>utc. C^j <_clw. b«. e.j'^’C'EfcSiU vi\ 4^-Cnvs ®\- 
^XeCSvM'e. } &.S ^o\lou;i. f\r>t t ^rcnv\ — <-*ms+<»A.fc 


G-V\4. 

Fu,y"(*b£r 

omA 


^ -_ H = (JX- y v 

-vr ^esmet*) V 
= t(r-J 


= £ 


f M 


pV 

Si =~ 


i.^ } p 

pv 


C- p*/l-t 


y 

c 1 


IT^^C'- A) 




C3J 

(4J 


C3^(*4) C5i IH’to(^) ^ LV^i 

a w a* ~^r ‘^'i^-[^ 

^[^o-^o-cr^Jv^ 

Xrv4e,^ra4 

Q w - ['^( 1 - i^" irk)j v cp^-p. 1 ) 
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Problem 4-117 continued 

Fro/w Tabk A-20 9 T^-us. 



(p.7/7 


*0 3 *J/iw a 

1 kX 

Qw - 

{ kj* \ 0~A)-(.u*0 

(im 1 ] tloo-3oc)U^ 


V i i 

k^Ti kj 


1 ID 3 (0-ir> 


S3. 34 





i. '[tie. /posifn/ei i|h de m c les ■tfw.f -Hce energy -fra.u..yfG** Li /mto -Fke 
Con-rroi vOLlmg . 


<&/ 
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PRQ6L£M 4: II# 

KnOuJaj ; A tffcll-iViJulaf«.A +ouaIc. CcmHunirtg R-J 34 *is cov\r\ec^td +o <\ 

SuuppU* Uvie , A* rtWi^tscotfA \s allowed +o -f-Loui lv\4o+U e fettle, 
a flexible lolc^eUe-r lia -Hitfowk <-*pawU fo 
ff.( t ujefOLM-f iiA Hie fawlc eH e©vuftM^+ (p'T'siu-'^- 

Fi fj p : Defer mi Vie. Hie &,yv>ou.*f- ©f waacj «.d*w -te +Ue -fault fceluKe* 

fke inv+ucl -Kma£ and -fUe i‘v\s+6.v.+ wj-KewaU +ke U<^u\M m +We 
- 4 *.w(t Is va.porl- 2 -etL, 

ScHgMMlC j. kM£JJ PAtA : 

consfczaf p^fssur^ 

—Fleiiol* bfadCer 

* Irv+igtly K t - 0,8 
w «=2SU 9 

FuAfttl^ V x a/.<0 
Line: 1000 kPa. 120*0 


mopgi J 0 1 Tffi con-brol VO Ucwie. is Shoton wi+U Gu v = O . Cn Condi+i<ms 
iVVUt sufpViA VvvAfc ct*wu* co«wt*u.t. (.V 1 TWe p ret jure remains ton-sW-t vw 4-Ue 
to-vklc.. CO l<me+ic awl fcVea-Hftl ewergvj effects are ¥\egUgi\>le. 

AmM-H6iS • Tbe w\fc.tt r«,fe balance \akoi. fUe. fo r «'', AWcv/^f - wi^.UJifU. 
five a.tCu.Aipf ions UiteA , -Hie tv\erqy cate. balance is 

dUcv .. of — W 4 m • Vi • 

—* -/fcxcv yv cv ‘t t 

Tbe specific evi+kdlptj Iaj. is c©yvstiiu"t bcj asset mptiovi CO. Tkics } combmingtl'ie 
Ymss awdl energy rate balances (u^l fnV£gra.fing 

A\J Cv = -W £w + J r^- f,- <Lt 

t 1 

Since W; is covisVewt 

4U C „ - + k> *=-W cv + Cw z ->ri J ') (|) 

To eva-lvL^ie. -fke. iAjork_, nofe +Hrt.»+ -fUe pre«uve jn 4lie -funic fj constant. 

™* S W cv = ipdl/ - a Ce) 

CbmbiViwtg (|)AA«I (2.),ai<u( nofing +k<i+ 

■Yk^t-wx.u, = - p£ wi!^- yyi.u-, ^ -4- 

a^ + foO - W L ] - w,6u,+ 

w\ x (, Vi U £ 3 51 L ^ i “ H; "3 


6<r 
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Problem 4-118 continued 


Ul ,« 5 fr— -TJUl A-'l -* 5W; V 1 k ? = a '' 7 r ' 

hl , *.«■>♦ r **"* 

V^-s Wh 

fY*~v A-'i/ ^ r 3 It* . 5 2- fc3/jy . -TU^, 

/ St - ^ "\ 

w, . 2.s- c - /- —— j = 3 4.o3fr 


Rr\A ll<-j j 


^l/H- "U ~*V 

- 3V . o3 -xr -- ^ o'* *3 


^i<j 
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PROBLEM 



KAJOiA JU : Airis oJimtetect .slowfij iv\to an insulated tm's+om* oy 1i ndcr a ssembly 
from ia. supply lihe unfit The volume inside tine cylinder has dc\Mtk. 

FitvP '. Plot the final -fe.mpena.fure and. tmqss inside. the cylinder -for a. 
Cfw/en ranje of Supply temperatures. 

■ SCHEMATIC j GWE/U VAT A \ 

etsi&g ^iqdel _ ’.Q J For the control Volume, eh&Ofl, dl £y =c>. 

(ilMiviefi'c owd pcfenff'ft/eMe^y effects ora b e re¬ 
flected . (3) The. of The piston omA friction 

''between the pfsfort and cylinder well can be 
neglected . (*0 The ate behaves as a n felt'd Qas. 

A fJAlt51 5 *. The moss rate, balance, takes -Hie 
-form dntiev/dt - vvi^. U/*+h tUe assumptions 

listed,the energy balance is 

AXJcv \s° * « , 

r = Xc,-W cv W ; 

The- ltT«e C^rtciifions c^re censfa-u-'t } so is constant. Ccnmbimhg the. mass 
energy J-nfe. loal&nceS and inte.cjm.ii hg 

-yvi z u rn s w ( = - W cv + O) 

7& eva/u«fe The work., Kobe -tUaf the. pressure, i m The culm^er is aLucuyi 
Otfmopphertc smee the process is slous cvnd 5i«ce <tssumptwr»c.( 3 ) Applies. 
Ileus r*t. 

W Ctf = J^p<W - pCV^W,) 

Trom -f-h e gjvem dot cl. 

V , = C A ) L t ~ ("^ ltV> ]^°- Sw ^ = 0 . 0353 H “ J 

tend = 0.OlO(,8 m" 2 - 

W £v - (l barXo.OTOfcB-O.0353H^)m 3 

* 3. 5 3 <f U3~ 

From TabkA-Zl^f T,-3©ofc; u, -UtioT kT/tg. Also, h,; = hi<-T SUfp i^. 
T 3iTph ^ 3co\< } hj = 300. (1 K. 

Usi^g the id<utl v'nocU-l 


m- 


joViw 2 -! 

1 k3 

\Utr 1 

10 s W-*v 


ano(. 


“TV* - 




?,V> 

l?T, ' 

YjAte 

R \ x. 


0 bar) (0.0353 4-rn 3 ) 


300 k) 


f S.3I4 UT \i 

CefiVkyKf 




Q \ (O.OTQfcS) I ioo I 

■* 


t bet r 

*<(.ea 8 

"TV. 


I ieT 


10 Kl-M 


- 0.04/05 % 


On 


JVuOrpomf mg these rebuffs irtkO ) And re arranging 
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Problem 4-119 continued 


"txUi- U; = rn.u, -W tv 


2H,fc2.8 U L _ t ( z^.foZg 

Ti. 1 ' Tt 


0 . 0 * 1105 ) = 5.254 


C3> 


£9 UA.fu>vvs(. 2 ) <*vw( (3) c<*w ke Solved -for 0n/eA values of W { tTsufpl.,} 
by a.v\ ifevufwe proctdure. and d<i.+a. -from Table A-12. ForTju^ ,s 3oofc ) 

7^_= 3ool< 

wi r = C• 082 / ^ 

■pi^+tmg -for fatale of Tlu^pi^ values 




Supply temperature - K 
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PROBLEM 


4. \1Q 


k-MfiuJu ■■ piikrv\- tylu^dev »-**«. V* cow«ec+«(A iy 

vali/c +c> ccv\ a.'jf • Tk* coviLi.+‘i<j>vs <\*-4 +L*. "(w.rti*4 

sW ab* 1 wjs i£Lc +W ctjUWUr ^ tteA sloojtij comsUj 
piikTK +c ^pnlig*’tW \w.i.^w4-\ ruJ^ -Uvv^ 

u>lH*(u -^W tcjUWl^r cure Ui^uuk* 

P/ m D ' plot fVn** fK^rJurt ±e^p+rAlurt us, W+«^ 

-fU* c-jJU^^er' versus Spring c**£-U*i- K f 

6SD -fi> 7*S& /f+. 

£c w bhm\c 4. bw&o m ta f * * 

3kttkjki % f, ' i*l.7 Ifcf f*** 

7, = Bo»F 

V t - o,/ 4+ J 



Ftna.ily; V4 - 

£w^uviooeu; (i) The. comht)l veluivi* Is skflyun Dn -H*a 4£ companytnj diagram 

u,.+^ Q e „ - o (*> Coa^K^s iia ^tiuC. air* Supply re*vuAn covesU.i^. C*J fciKe-kc 
CtotabvkVt fciAergy sffact^ Cure v^cgltgVt le , CM) TW ^ur betag** e^ 
idjuA g<U . (5) T kfXSL is V\o4ndrUrt\ be+tAJee^ +W pi-V^Wy Ol*aJJ. C^UwiMT VaJ^LL. 

A^^LVsis : Tto fvWl j»vrs$oure it ’fouled! by o^plyiv^ M^*A>+xm‘i L^uj 

-^o +U£ pCsVo^e, Sv>4ce aW* W j-^F^ s O . TUxts 

7* ^fVtV “ T<xh*i ^Ut + ^ ^ 
wikk V-V t - X A P i* r , t** (pvestw^e ^ 

r * ?*»+ fc < v - v ^ 


A+ v=v 4 


P*.» 


Vitt- 

( < - P'O-fr 3 / i *+* 


£*) 


=.l\4--7 + O. o43 K. 


J 




T—) 

»*?• / 


Ci) 


Tht rv\a.4i vnM. balance. -+<klAS Ihi. fm-mj *■ Wi-U asiUTu^Vorvi 

IvjVfcil , Wa. CTvtx-jy vo-te- \s 

« jx!ii " Ww •»- VV» i. V>t 

iW Specific &v\4kodp-] U\ Vs ams^iAX by msvcy\^K<tvv C3^. TkjutS t COYnivvw 

vkfc twftts <Kr\d ba-V^HteS CUfcA iv\\^r-afr\^ 

4Ut v = -W tv - J hi <Am cv =^- w t u t . ^,w, =* -W w t-h; (m,-«,) ^z) 


SiVce Pktf. procesi occurs slowly ^ W w = JpAV. Wi+U *towc 

w “ " A f^ 4 *”' r 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















Problem 4-120 continued 


w c 


r- p« 4 «Cv;--v:) + — \ -x cvl-'v:')”) 

(A p „t) v L 1- J 


• P..-CV.-V) -v JS_ ( v„-v] 

, L? l* \ -S**]' 

L '"Mlf** l 

■B 1 ’- 

Alitf, u»i-fK -tt** -fcLiuJ ^ 4.1 * M **4fcA « 

P> V) C 1 *-?* 1 * 4 1 »f/-f-tVC 0 l ~fr^ - 7.3J*/® 3 I 


I— I 


(3) 


' P-T, ’ 7 !S*r -ft-K.A /'s-yo^j 

^.284? M» **./ 

<n l= . P> Vi - , w^-! jv » 


. CO 


C4-) 


s- f „„ -n»x.-= wnw), - t = ut^-o , v« sv *^- 
Accor^Yl/ T V ^ 4c*r*M«** fc n E< i-a)/c^.-fK 


^t.COjLi^O-) »-■** |c "* wwv 


;<uWi *f ^ ■ 


Tk« ScUe*'C i-i it*kplei*>«»Ae.<4 via 4W CoH.tiujj>-j IX '• 


IT Code 

pi = 14.7 1/ Ibf/in. 2 
T1 = 80 II °F 
Ti = T1 
VI = 0 1 //ft* 

V2 = 0.4 //ft 2 
K = 650 // Ibf/ft 

P 2 = 14.7 + 0.043 * K 

m2 * u2 - ml * ul = - Wcv + hi * (m2 - ml) 

Wcv = 0.816 + 1.195E-3 * K 

ml = VI / vl 

m2 = V2/v2 

ul = u_T(”Air“, T1) 
vl =v TPfAif.Tl.pl) 
u2 = u_TfAir". T2) 
v2 = v TP("Air,T2,p2) 
hi = hJTAir, Ti) 


Now, u-si*5 fi-* Explore bittfe*., su>6«p K -frv*t 6 JO -/o 75o *W/-Pf <n t+«pi of 1, "fe 

iUe CoUouti*j ?iok •. 
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Problem 4-120 continued 


4a 

47 

46 

I 45 

a. 

44 


43 
42 

650 670 690 710 730 

K (Ibf / ft) 


156 

155 


154 
lT 

— 153 

t-i 

h- 

152 
151 
150 

§50 670 690 710 730 750 

K (Ibf /ft) 

Wflf* T>lof ££ £{ CG\+ld 

rcuUtj nioHeU b«, k(ln<*, Wow*i/«y-, -Hi* ^fwWc p^f U kjn-/.^««r 
UiouAd be ^u .Die difficult -to oWalh ^ tT.of 0riu*s- 

so-ffwoire . 
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PfZoeLE-H 4.12.1 
KAJOWM -- 


Fi/VP: 


Hectf transfer <?ccurs -fo m~f raj ei/i ^as C0rt-/euM&^ i£i &. ribiVt 
■ftiit/t. Sas escapes tf*fO ujjhcc 'pressure. relief- val ve, ^a-m taininy 
coyistaut pressure. iw •Hut^n/e.. The «n.ef -fina I temper- 

diu-res Qjre. specified • 

Defers 1 Vie -fUcTW<*ss ©f nitrogen -fkctt escapes *nd ike amount 
&t energy transfer by heat. 


a \ 


i i 

p 

i 

r, 

, At 1 

1 

r. 

i 

L __i 

= 


i&bar 


5CU£MATtC £ G\U£fJ DATA ' 

£k>£r. (v>opEt_; £/) For-the control volume. 
shouortj *vt„ »o"(Z) The .sttfe -1 Vi the control 
can be assumed to be u.nt-form at <*ny 
•firUe cUtriViq -fhe- procesf. (3) kinetic And 
potential energy effects can. be neglected, 
fa I The rntrogen behaves as an idtai gas, 
a 1 +h cons fa nt Specific h eats eve (ante d 
At 350k. 

At/AVtStS : The mats rafa. balance. taka the -form ^ m r \j l dt * *Me. "Tkuj 
the rna.Ss -f Via-(- escapes is 

-x r ^ x 

lim £ d+ =-) dm clr - M.-Mt 

I ^ I 

WY+h Vne tde«.( g&s e^ucd-;^ of sfate 

JS «' ?t+r+; 

(lobev )(|m 5 )( _i _(_“lj lo g Kl/rvi^ 

L 3 oo k 4 oolcjj" 


ve.3H kT \ 

\%8m k^-K-J 

^ 240*1 k.g<— 


j_ 

3 Oo K 


I bar 


l kX | 

10* M-Mj 


tViftiS , 
escapt a 


WifU 4he ec^u^phons tisfecf, 4Ue ev\e.rqy rote balance, is 
^ T^tv a , * 1 

~df~ ~ Qcv ** me " e 

Kof.k\0 +Wti "Ucv - MO. <VV\d U e - UT KT, ftVud Wl+k fta. macS rate- 

balance. 



' m at 

wto *■ 

Qcv ^+ 


Ocv 


©t <drk 

K 1 ddr 

For cm 

Ideal gas, du. ~ c„ 

- dT\ Also, 


dim 

-/EXAdX 



L R h-T 1 ') 


Ttas 





* 




RTi^str v i'T.- Sf - R 
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Problem 4-121 continued 


No f»ng -fiutf 

fvom T«We A-20 5 Cp -I.ohi kTlkg/<- avui inser 4 i^g v<(i*rs 

i,<W+ -(*)£*)[*£ 

ficv - S 


(lobarUl w’XVm kT A^K.) . f u ^\ 

! Io S kjU z 

l kT 

f **"* »£ ) 

■ ' kar i 

»o 3 n-y* 

i 2.8 k^K / V 




= I0V3 tT^ 


tv 
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PRTjBLEM 4.12.2- 



™ s 

J.00 f+ Vmit\ 
tze*F 


KK)0u3W: T>ietti'r 5w.ppl</ to an office is off overnyhf a.*vt He room 

~ hzrvyie.ra-hire drops. in He. morniyij^ He ikermosMi is resehanJ 

cl LtLOuin vokuneiric £lou) rede of heeded air is Supplied. 

Pliv/p ; £s+iKM<tfe. 4fie rf takes -far dke room 4o rencix 70*F > ane# 

flat room -f e Kwpc rufu <ls a ftLncfiOH. ®f ftiwc . 

Schemas \c i t>iv&D DArPr . _ 

A -► refu-m > m ,_= rh s 

^opet- : (i) for fUe OonHol 
volu-me SkouwO, Q t ^ - W tv 3 O, 

(2) The. air belwves as an idtai 

qas toifii cons-toLot 5^««+tc heafa. 

^3) The pressure, is -kilcatA. as 
)ccfm e-uevy u/hare. C 4 ) kine+ic a»w< 
polea-Kcd ev\eygjj effects ca.v\la^_ 

Y\«^j le_c. 4 ejl .C 5 J The v-oom tx'vr Is (otll-Pnuced . 

ANAlSStS '. 7he mass rate, balance. +«.l<ts -the. -form den jd\ - vii,* w r . WH-Ia 
rh s = m r j &m/<kt -O . Tkus >-fW yvicm lit -Hie. room »s CtfniVwJt wi+U 
tivve-. "The ©wewjij nrte. bUwce reAwxes +o 

= J3fJ-»Kv + ™ 5 *»* - *v *v 

or, uji+b XT tv = w% u. iwm( In,. - bfcr) 

^ ^ +■ u ^° - ™ s 0>s- ^ T >) 

FurWter, d.u =c tr <ir am<t k s -hcr) = C/>C 7 ;-t)- T^-us 

WiU\ dT--d (T/T ) AnJ. V 7 ««r ~ ^ 


- & <*fflrT2 * vvi« at 

kCTj-T) 5 


C l) 


ny "W _£ 

C^vr) s 


V*s s 




<Aru£ 


r*\ - 


£ T 


p(M/% 

Ri 5 

ClH.'t (zoo £f 3 /m,uO 

/'5^ 5 ±^-W 5 8o^r 

(n.iKiOjOo; |hm! 


I4M iv? 


it+ l 


13.6*} It/pAia 


(ilV5_)fS/5) 

^ It <>7 / ' 


/5V ib 


J.8-,97 


where Fhe a^tfa^a o"f He inibiaf «.iA.d 4eiwf>cr<*--k».fe5 15 used. -fc> 

esfiivva-le WA&.SS. >4lsa ( 4rc>im A-2 o£ J *c = /.H. 
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Problem 4-122 continued 

I fallSff.(i') firoryi J-O f - L iO v F') Jo Jimg. i 



or, £olv>i*g -for T 

T- T,-(T,~T t )e* P [(-^)i] 

Jnserhly values 

7- = 120 - So exp [(- O.IZJS) -b] C t) 

So\vtv\§ far* UtkeAU 7^- 70 P F ^rVe.s 

~t^ - 3.7*? Mi* ^--- 

£* (zj cw r€*ui<^ be Tlie /oKouW^ pit5^wM 

C^ns+v^ucfe^ uxi'm^ /T; 


so 

70 

60 

50 

40 

30 

20 

10 

0 



t(min) 
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PVo&LtM 4-ii3 

kjJM&'■ ^ Boujs ■rtv'ro^U a wtU-ms.ufoM cL^Wer-. ‘"‘t 1 *' 

cAu+lotls i\a VW dtu^Ufl-, Eu-ppUj 6<TyuUfoff*S , W1 -fkc. \k^e+ 

CkI^- v^u*s$ v<x4es a_r*L 3p«.ifi<4n 

F, w tj- DtfcwW**. -VUl Utwoiwdi*™ tiA o-vr \V% ^katWW 

BME * (Li ©U+W ^loi for vtwtous m*£s 

schematic pat<y- v . lft3 . 


ewsie. rnopeL- ;(o Fo-r -Hot aon+rol ^oLunue staion, J 
iu»o 0^4 Wtv- <* o .(*) +t^Tnfure ^ "1 

wrtiiue vu ika cUa«W art auAfwm * r "|P£5 
^TOu^VpuJt- frt avjj -K**<lA 3) twvelie «-*.* 2 oo*f 
pokvi+^1 ewarj* if+cck tteql<3\We. 

il±) “TWl glut L$ YKjOC^I*® ^ s ^ 

U)Wk COvuHlLt Sfocit-ic Uea+s . 



Pi “ 

14.7 lbf/in. z 
T, - IOC “F 


%‘.rrsvr*M 

vv.^ 



Control valve 



V |t/iwu\ I—Wen-insulated 
a. ib/«uA chamber 

5 ib/W* 


UU ‘VA C u T^J l! IAV\ ^ H_> ^ V » L ^ F „ — I 

Analysis’. f^e wlss Ya*« bctk«c* takes fWe low *- ^, - tw t . VWi+V 

* - ^ , <W/dt -O. Tkus, -VU a^ou^t of watt wj-Wv^el | « , +k , K 

-Ke c.o^+T4>l voUx^e is tow4**fc. UstVig assumptions lisM twevgij 

bala»« is dU , -,o . ,, , , 

~^r = "^tv + VV1 C Vi x - Vi t ^ 

O'Tj WlfV "Ut.v - Y ^ ttJ u - 

+ ul ^2^/ = vvk *l U , - Vi (4) ^ 

LOW* ^ Vx C-fc') \>y ccssa^-ffov^ . Fu-rfUr, du. = c^dT ^ 

V\(-fc\ - C? T6b)j St> 

-c v ^ g - vMW,-c f Tt-t'>] 


<?r 


41 + ( Vyi Cp \-p - xrt Cy ~T, 
rf-t ^wCo-i ^cvFj 


’cv^ r 

Ty\,"Wyp(Jj4jCi p\J k; — Cp/ C-*- 

dT /^rnW A -r - f v> kTA 

dt + v m tV ] V / 

Tke SoUxfiliw of -HlU (JLtFfwe^K^ €<^ujx+Cok 4ttUs foi fof 

Tftl - c e *pt(^V] + T . 

\Mi4V 'T(o') ^ TL i C = T; -T, , 50 
T«l- (Tt-T 


ID 
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Problem 4-123 continued 

from -flrf* ^lv«M 

f> Vi IK/tw.* ) f ) f+*l 

\T^1 |W*R) 


’(v 


<44 M.* 


I#* 


= O.OTO^ lb 


From Trtfcl* 4- 2-0 £ ; k * 1-4. At*©, 7j * K>0°£ Mid T, = 2-Oo“F. Thus, f I ) 

yvi a I Ibis T(-f-) ~ ~IOO e~°' 34,< * two 
yvi z 2 Ib/S T/‘fJ = -/©O <=“ °* fcS **-* ^ ^ 

- _,,feVX5-fe , 

yy, - £ tb/s TW *-lOO e + 2°° 

Tine. pr«iu« is j> - Tt-t }. fk«s 

[T«; + 4fco] 


p- 

PiAetl 

t'th = I Ife/s 

i m = 2. IWs 


J v' 

f(C>.£>7£>4 M 


fl *+*) I 1 ?± ■* * 
l i «*■ 


- o.3z4t t 


*a_ 


5 tb/-S f>U)~ 


pt-i) = - 2.&XS8 e +• /7.33o4 

-0.fc5*2-t 

y.Ct): -2>2?Be f- 17.330+ 


it pio-f, Lot 




-®— mdot= 1 Ib/min 
—6— nn<iDt = 2 lb/min 
~Q— mdot= 5 ib/nrun 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

































PROBLEM S< i 


hTMCWhj : A *y*4*»i «. CytU *1 vYlla-Ktfn of fhe Ktlviit -PUwcfc 

SjC th# T« cfliid l u M/, 

F/jjO: SheiKi HhH*. t vifiU+i’ort *-f Ciflt-j/tr* t-f 4ht set&^d Ut*" 

jj <l tt^se^uen^^ 



g iofrft. *MdQ^ L \ii)S^&i**+ * u n 4*rj a. cycle while rertfviVij e* G M fro»i f*’*- 

h*t. r^^tv^Bir da v fc t op j'rtj uo^k ^c^clt, (TV* f* in rfoUfcan e f +A< fefefvin- Pivict 

Sr+Me*n*nt frcand {i) 2 u^dtrjpfj a . c ytk twhJt 

r^ovi^ cvn^y Ot frov^ the ^str^iV *ndf dfsek*rj # ^ en*r$^ Q* 

to tWe Wet rescuer. TK( Uiaric tU^cloped b ^ S^it*** I i£ US^Jto driVt 
Si-fSU^ 2„ 

Afli-YS II ! A ■% ewc-rg^j fe*la**ce, -far- 3 <-j&4#wy \ ft(Luf*s "+G 

W t ^f ^ QH 

For- Z- tfj\fcrjy bnJAnre. ire^df 

Wc^cie - Qh — © t 


C 5 ^b*^r«j fiiej’t c jcp^es* i’ohS 

<$tu Z ©Ml + ©C. 

N*^t > d>n T ;itr cevwb/n*A C-o^tlr^h^j 0 f ^ ; 




K»T ®* 

nesenwrR 


®H+Qt 


4^t cp 

lyS+ew » 


r^ 




\ 


KoT 

wsenwrR, 


-H ~ 


./ 


/I 


COt-D 


4 x 


"X 


/I 


cet*» 


H"- 

!®<. 


X 


Tut s^\t Tt*ti|+ <i-f + he co>»toi'M-td ^‘f3 +«•<«** is +<*«.* a vw+ AVwouKi *f energy 
Q c ,* s |#f **d ffo*** -Iksu uld ret«rveir +o -+kt *v#t ffWr^oi'r Tttff •'* 

a vioUKon of fk« C(*w>Vi »f Mt <*“*'< 
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PROBLEM S'-2_ 

a v.d.r JO « a *,*<• Wkflt **»mvi"*t*3 «»* iu>0 ^i.rvo.rt, T* e 

j^sVtw divtlopr i»««-k wk«lt rtee.Vnj flt ^et* + t '® fid r *ttr*ti'r- And 
Qh 4 o-mt k*t **j»rMt>. 

F,*t>: e,«{o*+e cfaintd p*r-fcx^«~ce ux.nj <») +£- ^ 

- 5 uwH/N i,( ^'^ Cbj jcclv.'rt-P^^ct s-tkkHF^ 

schematict <S»vg DAT* .* 





. />ioc*'LL" The sijjC+e*^ s^ojm j*\ -the txcce»*p**y *'*J &fvre u*dtfyoe§ 


Ow cycle while c+h* >\^ u*i>H ^efr r**iW af 

Shown* 

A m A L?j S l S ' A ^ e w, t r 3 y b a I <x *vf£ -f of +Ke S^ttewv ft 3 

W c ^ le . = © c - §rt ( , . .. 

TKx Mm CM Iw ev.l U .t4d U.CW, f+K**- +*- CUur.vJ ^ *« K.tv.n- ^.k sW*Mt*** » 
(.> Cl&ut. ut . A* tK^wn • n 4Ke fi^vvt b 1 1 e u. j I* + iKt f-jClft drive 

•w pKM^ p ci^ e te_ * 



Av\ CAif 


ir^ b t IfcRtt p^*« p rtadi 

Q m ' = Ot + Wt T c»e 

Dt"j u^T'Vh 

G)h " Qt + ©c “ 

N**t t Cflni/Ur* +Ke co***bi'At4 f*w 4Kc_ 4un> t'jttt*** 

T **_ tele rctwlt af +h 4 * c. 0 *vi b r>i#d it +hfct Gu wit awotfAt of 

4c + Qc 1* "fr#fcr*f *rf*d fVo^ +At cold. r«i«rvo,r +e Aa t rtlt r *0>*r. Thi'I 

ix o. v.-eUK-.n ef +Ke CUur.Vi s{-*.it »*?»+ °f + * 1 * \tte»<± Uw.jM^ 

^ Qt i Qt > fci* .'* .‘A. I lui4«ta £ klUHot ODt r*il. 

^-1^. 


b<H**d*r^ *i tNe 




y 


e*»i‘3rwA( iifcttm CAhwot pptr*tt 
d% Tki mrtuHf'i U 

i *t/AUd * 


j i 

d 

[ i 

/ M 

COLD 

0 l 

i 

1 

I 

1 

'«r ' 
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Problem 5-2 continued 


00 kfelvi'w -PtflnlC . A* in +Ke -figure. b*. I o iw j I e 1 G? M b*. !t»ppl*'*d ■*£><»- 

pot*#*r c^eJe, 



Nt Qjfcjidtr "Ine c* m v **\ € <1 ti^ s V b j, *f H t 4 uj o t ft t** r 4 4kf k*?'C h 

r*ftrvotf, Obj**w* 4H* + 4kt_ Wot reifr^#ir ^,'t^c * r ai #'t 

ret«iv*t Qh o^e c^cie 4upptiW ®h "H> + bc o4b*r, Thuf, rrncc + k£ 

it up *<f ^rfC ^k*> u*id#rj o c^cl«f or 4*ptn>*ee HO 

n«.t ck*n^ tj 1-Kt co**%Wne«i S^rfei^j operAfrj |V> a, c ^ cie > Morcov^^^C 
ettkkv\^f lse*f frAXf ^r u/itH ^ ?/** j* i*cj«erv«iV; + kt rer^rvoiV 

Wk/le pro di/ci'nj <x Itt' *£ lui^ f+ou^^Vtr^ +*M'r is ^ Viol *4*0*1 

o-f KtUm* PIuhcK of the ff Cj^ci 14 tOj KJ 4 We ori’j m*/ 

CAnftot tJptnait'f A£ assumed* 

f i —* *“■ "' “ “I — bbisnA*t*^ a 4 4HH 

| _Cx m W*i«d 4 **- 


'Al 


—i- 


“W We^cte 


/'cold 


4 - 4 - 

Gc 
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S-3 


Classify the following processes of a dosed system as 
possible. Impossible, or indeterminate. 



Entropy 

Change 

Entropy 

Transfer 

Entropy 

Production 

(a) 

>0 

0 


{bj 

<0 


>0 

(c) 

0 

>0 


(d) 

>0 

>0 


(e) 

0 

<0 


CO 

>0 


<0 

(g) 

<0 

<0 



£■ 1 frt- ft 

“) C’°l -- C-»l + =57 


CU1 

to 

u) 

CO 

Of J 

f< 3) 


L e ^£AU>° . P^,Q- 


LO = t>*3 + L^ 


0 rr. £> / e 


p -i r.ftl ■+■ fF"^W 1 ye t*'(i"S' lk ' 'p-^diAcvi7 

L 7a ± ~ ‘ ^ fewhe-d ^ 


VA.lu.ej u+-W -K'^r 


Xk d c r t-W m ^ 


L=>i = t^°3 + [=>] > 0 • ^"■‘ ,lr - 


Li 


£ fv=> 

pA+ifc C_ ^ 


1 


CO 






c<»3 = u»a + • 


r (5^ h*py -i 

k>o cc^c^ffc^ 

Cft ^ f€ACkti fi~a >-/ 

Va/^j Ur^ ■ ^rkwiafr- 
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■proelEm S>-4 


K MO WKJ : fr**if*r by C6«dut+i'BH -fren* & hat *>«*</• »r" *■ Co * J 

ffr^Pl plactt Spon 4 fOull’y < 

Pimp : ujj«3 ikc. Ktlv.« - P(*<tete s+»4ti"«*f »f +H« i*co«rf !• 

SuCK pfiocelJ" '* j'^^4L, 



£M£ft. 1 Tht j’n + j* t aec*-^j**« ^ <‘»*3 Ciwrj^j 

Q trm +Kt Wmt ff i*r^air wk*'tH p* r f *i ty ^ +kra^ M. a* ^©c/ at 

*4**+e 4c +-k« e# |d reierw&iT. ll) A paiu«r cyt^e ifl frVa-l*k/t “for- ct«i i’h 
dt^pp) ’SW'^+iVj +h*f- +kt pf©<P£i Ji ir r* \*t rnt , 

AMA 1 s " TKt tiltaj * t4i‘Vt ** +hfl pr©*.[l bj t*n+r* dt*c *f«* "to Jtvfl£ *y s ~ 

4 ** 4h&4 v*d»rjc#J cl. cycft d*v*Upj o*erK twh.lfi +he SyifF*H te>™Wfqfer 

yfvi^lc. rc$«- r^e),^ 4 here, it H vTolaHh-flij "fkfc Kt/Ww^ Pl4»*tk t, 


Na^t;Q hnfflil +k* tnl*)/ 4*»*f * Jr*** 

4*1 *#l J JPtfiPi#**r 4 t£*r*t»V- 

1**4* tr* 4*y *♦*»(■ * 


MrtO $ ^ii(Ji + ^ucKfc^j-rJ 

f*-ftvt ciJd *W**^Hf* fr«kvK 
pi^t/' +^c<t. 

The system iftou>n t»Vfl tcnie-St-T of fht &rr^ i^iii m pin* a% *api*f* 

uixjLrgaiV^ a. c^tlfc £aas uivip+ioh %} b Th i$ co^>^d fyifr 1 *! i/n-darja* f fl. ey ci* *J fc//“ 

■ Cl) A*l hwvuwHt of ftitr^y Oh <S 4rnn(frrff i *ftG**r 4hc hot Tf|f Hfflir 4" fl 4^4 

povj*!" ty cl«- j proJ^tt^g luorK Wry c j c, d*cch *r*2 i’kj Q 4ft +ke cord 

(ij 4*\ *4 thi f j y Ci (■* 4r*m^ff,J fre** 4ht to td rtftr^at'r 4h*. 

ho4 f<t*rV0 ( r iui^oi*t 0^3 *+ktr ( Thi'i Wp«l4 ©'i/y r r 4 " ! * 1<= - P r «^ T J 

described *^ ^:vmpK?n [ rt^ri^'ble,) 

^ .Sue. ii ^dAtd 4o 4^t c«td reuorw©rr ryc>* m +h< 

Continued on next slide 
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Problem 5-4 continued 

pwwfr ol+fce cycle and -Us*. e&kvte q i a f t y it remote d {*0 yhe, 

cold rcst^VBii- .‘n +k« »«*nd pretest <»-f fh# e ? e<», -fKi‘s rturvur *r p*rf'**c*S n$ 
<*i it-r tin Jt "K o*1. Tilt p»w«r {■(« l( tnel» ttd un'tkrn -1 ht umbi'MtcJ 
SysttHn also under 3 ail a. eyel + , A«tond*'«jt j j ibt Gowbinfcd tyalfiw, vndtrjpts 1%. 
C^clt (i\ Ojki'tk wei-S SMcycle »t produce i while («cKnr<| r‘n<j eurrjy by 

btat tfini /»r UM'+k *. ifvijlf f«drvoir C + M Viol testrveit ), Sack a cycle. Wo- 

tfttej (C e I «'i‘n. Placet 4+Atcman-t af frk* rtcond I aw } and dkni it import i*tl« 

It («H*v( tW*+ bn*, j cr both , o>f t kt procerr*! vnnKi'ni) up +ke cyt<€ exetvt- 
tl ^ +Im. es«L ( 'nfJj r rtt^ be .'►hfojrr/i/e. 4*w**<r, 4I f>jt pro- 

CCsS inVo\vKj pou> 4 ^ Cycf< OCC^r^ it f * f hf Sf Cfind piUX^JJ? + k*t" 

b* n**pp£ r/b/e: <2 CfcnnoT be 4 rA*j:fcr*r<< j cofj +o 

k*+ c?*E^er- 4* frm + j 4htHj 4*it V«mi 

erttr^y Gj ce*idt*cfVfln fr#H* -/fc* /lot "to "WiC C*lJ ftJtrv&ff fj *Vrt rfrf/£/&» 
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problem sr 


Ukre*niKtk«j ^ilvt it opf>i# d i a- jo .1 t*pcmdi oht b*l.f 

a f +**K +o + K* eHKt-r ViftUf ? tJW*h ij initially *yati 

^ S|M, 3 Kt tW*- Fi*w* fc 6+A+t »*te^ t 0^ t*< second f / jKauu r*cfc 

pr*CM* i'$ irreversible . 

■SCHgMflTfC. T 1 *ATA t 



J*$ fill* tritirz 

Vftlumi "V 


g*o^- mopgj ■ Ci> TKt J 4e**i o> how* *n +ht ctcc& i+ij fa 1 j i/rc Ohdcr^of ^ ^ 

proc^fi in wkt'tK +i*jt ga£ CApfthdr ^pa* 4 iirnttfur l *j Ho ,f/|j f ht £n 4f>t vaJuihc V t 
Cl) Dvrfnj Hkt pfac^tS « W s 0 .fj)T*ie i*i/4r*{ a*J fi**l r+*4n *re t^uiMriVM 
S+frte£* Th*/t *i h 0 in ^'t d>-pQt*»i4fftl < hf rjy fc<Vu/r#*i 4he$-€- 

*4^4*$, f ■4'i ^ H^rtme end *. -^her^t rtfi^fli’r ert avft**l«ite -p* ^ uli 
im i^OfttVeK^j *fKe+ +Kt prot#JT *t i ' rftvt rt t'kf* . 

AkJ AU/SJg I TV\e ebj>c4 Tn -ftii'x prem-f bj C-an+r* dib+Vo n is 4o dq.vi'r€ a. *yS- 
te**! 4ihft+ pet Q - ^wtr cy tit. wihMcL tl^e sys^t 1 *** Co**#« vmi £* 4fy 4-k*rm — 

aM / A ^;er^*V y 4 h*re*u v/«U 4 ib f +^t pUne *kt- 

rv^ent tff 4ke tecand lavV, ^ 


B*-fore torn i j Stftk fc. Ty S ttlm; flfl+t 4*1 ft 4 *r\ g m r^ y b *./**£ «- 

4»p- 4*i* sppw+*fl#*i/j profess IS 

a a 

Uffiml* 

httynpKf^t % fthd 1 h*wt b-t^in utf d> At (■* r iljj 

> CJWhr*| 

Tho4 fiit inH*~n*l 0 / 4*»4 syiUn-i <J*rs n*4- lK^w j£ in 4he fr*e e*po*rj’on. 


Continued on next slide 
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Problem 5-5 continued 

** *H OV w~ :« -fc'yar* b*low , ta«!.*/y S/Sfc* 4 e ***'"»<■ 

a *d frt+r«d,uet t*. I rt»«-voi‘r '« * urro u * d i*J a ( «SJu ►"P b‘ort ■ 



SWhn^ i»i 4»i th« }&] filliHj +i»t *(*+iV« VdJwfH* V, let -Ihc. ‘•'©(Ji'f'ed *y$t*** 

Hinder^® a. cyCU £**» 1 t +Vn^ o-f pf* 

frdt*« 1 , L*+ + revirj*. *# -t**, ^r#c tvjflun iron » cLvr wj*+h*u> *«jj *****" 

effnt*. Th-4 ft, ■»** g«j patwrc ^ 4H* n'jht * l « l # 

+ht +*Mt Ud*'l i't -Fills p *iy 4 he bfi h+lf, CT*i «t ** 

enl^ »f pratin' J#f<nt#d i*i a St* wi/ff*»*** f rpirt rr- 

(fete,) 

W«_2. Let p***t <*f *■•** g»* **f**"d J, ^ ''" + * iKe '‘'J lrt 

K*lf +K# -U**. u*+*T 4 | 'tt fn bot*i halvil it -tht S-AKwe. 

♦~ r -»d.-« s **-.«*h +*!«. +*rW*« <+•• J«* w «"'* *• **“* 

irt+tr«*l •nei'j^ *'s decreel-#c^ LT ■<, I. 

PfBteit 5 . £*w*«ve p»*t, »f +*i# 4«*t *»i«<rfy by hc*t t^e*r- 

^t,r fr*** 4h* -lhc»- 4 **.*l reif^Vti'r un+i't the lntfr*i*l tntrqy of #*C 
<ja i it fei^red to iff inJh*l Value. Thw , a cycle r’j 
cptu pie ted > 

The «*+ rtfa^i- ■ f +h»‘f tytie it ■+«> dmv tnerjy a si*gf£ reiervetV* 

tau kt«i traHifer a»d produce ** e*ui*t<«*i *"*"'"'* of wor/c. 
eyc{« viol-Hes -fh* (ftlvlh-Ptaiict sto+ti^e»«t «f + h* j«o»d Uuu,a*it*iuJ 
is itAfettilde . S imrc t# + H the he**-'*} #f d" 11 *- JaJ by the. r* S tre'eir- 
tproeery 3) and -the d< if« iopmc*/ -f ‘“'"■K —9 g** pasttt fhr«.j k +*«. 
■Hir b f*< ( fjreecrf l] art fertt bit.j dh £«« 6< earn tv 4 * d +L\m.t /5 

pftociij 1 +k»+ tk rV^orn't/€> S ■' k cj 4 procen 1 ti +he reicerit of 

+ Ke on‘yf**l -fret eytpanJ^on , i"t fuMou*r +h#t fhe orf'ji^e/ poorer/ 
it I'rrr verri‘ife. 
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PROBLEM St 


'The / 0 <^r of +W* <a re M^pf''^i'^ p^r^cA^/ej, 

^ec tU'S'fiy^S'i^frf , 

f .* ( — f - pv*r a. P^u&o? s-r * f ^ <-***-? ^ ?y $ fc j * *\ t^t rf ^ rS ' 

——• i^.se, iiti CC -'W u/U*--* Q 0«*vW <*-* , ,<u t )e«dfr«>- ** c " i ' 1 1 e M r5 / 

w-te’i* ftE-.O, *~+ f**-r — T 

£j u . s«,c £7- S\2. wk^+^*’ 

CKift-vt e KAi-vge. irjscs.t"^. 


(.4 1 


Tiu.!, 'f 

Tm«_- ^wWa * £S2 li sKJtto aU m*+M. ^ P^° 

t '£ d t ivs^ 4 ^*3 
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PK-OSLEH ST 


tMOWN' A tyi+fn^ UMd*ri}o«j iv. eye it 

+Wt p H ^ afnjt*! tturvo * r. 


^■k* lc Cfihtni/h i'C‘^ 



£ MCC. M OP£L : <0 TWt sysVtm jKown iw + h* acco ^ p *nj rVij ffjor* undergo* * 

o*_ rcVcrsfbk C^tdC * t**) itM^iny + Wt Cyc*£ tht ftofr**V- 






UJi+^ Ov Single MfftvOiY. 


4 Ia < 


S i S '■ U* t + We ii^itevvi u*\*i «v~j0 «hC- A c ce *- d t'r\j +*> 

KtWiVx - plfl*v^tK o-{ Fcco^vd j u^o^fc, -f* r 

esjcte *s zero or ^ej^-H've i*\ value : Wcyclt 5 6 , 

As +V>* c^cle i l »'to li- , it »*3 po«tbl( + * rt+wrm both 4 k S^(“ 

Um *k*d ;+s sarro^ftdlf^j 4© t W* »> i m * + +V * l *+*!•*. ( 

4Ktre UJuuld b«* no net c kfl Iflj t +kt Co«ii , ‘K'on ©4 4"Wt— 

re^rvoi'r ©r f we ettvftKen *-f +h«L haau u^eJ *+© s+ort I’**- 

+ we ivir A T nj s p 

"TV\e os\o»ve w\Ia+i va 111 4 * * t on^ i*f 1 ** 3 W ^ 

(I) ;4w^ i'c uiti ; VtJ c «|c.(e = O , 


i, 1 v\ Sec* ^ ^ j ik c«v\ veric t s d t^oM Iv* ft d: Sl J n ®*T 

applies: w, 1t | t -o j +ntn +•'« c^de ii revtrtible. T**f*-' 

Her ^ 4kest 4 utp d c ***»!*#+* ° wj ci+eblisln tK-t f&H * > nj p re p i> r i*fV©n 1 

I-f , Crtd on^ if, rwt ®f e*«af< # 4 y appir^J 

i'S r* * e e S ■ b l t. 


+Ke ey^ 
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Problem 5 .% 

(cwown: A reversible. povuer cycle. R. i (■"»■« verji bifi. pouuer Cycl«- ^ 

£>per*_+e be ko*cn -fu^* £o>i**£_ 4 m^d reserva*^. 

£7nJ t) - C «*) X-f C&c-k rtrftiV"*-J t**.i»C ^ ^ *pry^ "K-*- 

km yUw +uji X t* t^* 


nc^*rvT»rr. ' 

C*>) ^t-k cycJ e deu-uLo^i met '-***'S Uo ^ -H—T T 

%T\-t 0 


.+k* U«t AWirnrc 


rtar 




i Qh 


Tp jk®***; 




"- 1 



r~ 4 ~~ 

-- 

, 

r-- 1 

O 

UU 

] 

! i 

b - i 


[ ’ 

-S 




■► W;c 


(«.) <3?* s. Qe > b c 

C t>) VO ^ t VOi ^ 


Coup 


'Qc 


\ 


1 Tk*. Syf + cm dt.n*4t(J b*> R * n 4 k* i’»ij *pV<j«r« wndcrj^rf 

&. rev*ri<6l4 pouutr e^| cfe, wk.*Lt *vjt4e^ 2 u^dt^jori an irrevf r£t‘bfz pH*tr 

A M AuY S f S '»ftO By -fh£ -fi'rvt. Ccur m.#T C®nlUr^ * r Sun both rye lei 

RU'Vt * Kt s^4 o-f Qh,; it* f*Meu/f -tkvt W^>Wj 

An, b«.\tiu*ee -f»r R,. and X r€flL ftSpft^Wt^ 


ColUcKn^ ft lulls 


*r = Ort- Q t 
W x - Qrt - <5t 

Q*- <3t *> Qw - Qt 


AcCjm-'cUi^J 1*J 

Qc > Qc *+ ---* 

a i wcij 4-o be. dt^wt V^+td, 

TVu*.* j not; onfg £** atk*l e^ed*s deveJopa lets LuorK 4k*^ lI|q diitk*rj<_ 
fceft ** 4ir $ y b *J kt*4 +na*\i-ft r -fe 4h*iV 3u * ro t/n d f nj s ^ +htrch% 

**lj 4 Kt t.<ff-€ ct Q*f 4 kt^Kifl / o n . ■ 

^ <$* > <2 tl 

s* a?* 

Xi^t>+ a*. i^rnjir t yv^#U n4*Wn* <1 b ^ t l +*Yj ^ K>,n 3‘J- 

(f^ ^ < o*. -fosrU 4^-^; c^cju. i 

^aJlju?x^ -fu—Jl <s*r +&-*-*■ CigcCtk X 

ujo^ii kau-L-fu-t ty**£x*~ <U s U-*. r« -R> ^ 

^,r, *,#- L--h -b c “' "•* i3 *“ ‘T’’ 1 '^ 
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PROBLEM. 5".^ 


KM >W IS! ; A p DW if tycJf 
+ ^C 5 *vvif + UJ-O 

P(wO "i S k ow tK*4 ttjcLf 

yCH&MAT|C j 


X a^d fMtrji'Ut 

f€ier vot'rf. fvt- 


p*w<r Cyc/C R bt+we* n 

c ye /*i j v Vx = § Y 1r,. 


X W frrtVfrn' fc/f, 


Qh HOT 


COLD 

gttfeft..fHo®^ 0) The Syi rftnofe^ kg ft m 1 h< acco i^p**iy fi’j yr£. 
uA4«rgv«r cl river tibr« pouter cyeJc while I u^derjer/ ou 

pow«. r i »*tU. + hat , ( 3 ^ Bofn Cyc/ex ^eferVeih< jaM^t 

Civ* from +kc hp> f-ff^,'r, 

AuALTSjs : 2-f ^nd bfe + h Cycles re^Ve Qh fro^t 4he h#t 

reservoir , w x - V 3 ^K < # 





**3 ConVfcdi'K dh I ftStUrtiC X i'x r«v*rf/b/*C The**, i-f 


3 *"\ 4 ►** S pr® p-£ 

I op*r* 4 u (n +K* din(K< 9 « *t rt-fi-.^«r« ft'o^ C «r k*.f-p.inp) 

C't c. i C y 4 Ht «»J«''Wn «+•#*•« «.**erj*j V**lf«r[ Q h j <J?{f /And Wj ojc>«J<4 

‘ ' op^(pprfW\j 


?*■**£ bwJ" would be eppor/fW^ cfir«cf«</ ax Jkot^n 
in 4 he -^‘jure b<Jew, W/ 4 h 1 op *raU*j (n +he opposite d fht 


hot reverse,r would **p«ri‘cnce ho *e> lKakj£ s/err ft uio*id rc- 
cei i/e Q>+ fr o X uj fo i" l £l pots** *y qj ^ ^ Q 


\ 


HOT 


X 


w. 


Hi 

1 

n 1 

■ 


r-l-^ 

! 

^- f— 

r 

l 

r R 

y 

u 


' b«»n4*rj af tht 

“w‘ ••<ed 


Qt 




As 4 c. C.*k b t rte d 3yS dc*»i jKpu/m »« 4 he jpi'^ ure *bov£ is fcvi&de up a / 
pcM-tr +hm *v*«.v 4 e cycles or £jtper,e*ee w n^tdiAuge^ fhe c*««frmcJ 
< s^tVen- l operatex i'a a* cycle* Moreover, it eicchflujej ener^^ b ^ he* £ 

troinr ^tr ty.tK ^ StHjfe r«€f^o,y ■ 4hc r*t€r**Sr. ACoord4'*$l*ij 

the. *uit S-tf’t/g Ey*r,| e*pr-esr*»e/ ar 'Wcsfdt-Oj 

Lihere 4he tijh #-f ^a/» ^*j /i vsecf <bcc*i^t R rr revt^xrfr/e cW 

"X has beei^ 0Lssu*^cd re^erjVhie* -f^r the c&*+*kt*ftd 

JJj Sktn. *’n + *r«* r fAe a>orfe a^n d W j ; W*y t le “ w (t — 

W*j ^ # f llowc +k*^" 

w T = w R 

At i-n,i contl^v.'on fs Mat 1^1 w.-th the +Hn+ 

'Wx^-NWr, it t.a.« lit c.enc(«((*</ +k*.f +kt U t+k< ti'i It ^ / s< - „„ </ 

1 «tfjf b«. i>r«vfrTi't!<;. 
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PEOBLEM 540 


KMwm: -PI»«tK »+n. + *t*v€«t •ti't »c«iid U<*J : W tyt | e s o (*r*g )«- 

rts eif> vD.'r). 

■& Kow frK*"fc all fe*/* pau»**r opt j HhC *****€* 

4^0 rtttr^eiri k*vt 4I*C ****** *fh *■*«** 1 tfft'U** *» */• 

scuehAATic^ DATA/ 



p e u»«r cydff uhi'll reci/^Vj +Kt unit *f tntrjy 

+H* W«t *4**r tfaiV 4 . 

AlY ; Let S ( op*t*fcV* «vi ^ r*v#r*t'bJ«. r* fr* 1 ^ * r*4Tort ter he*t 

c^Clt). TKt. wva.jw.-fi.ii*! of W B , , Qh , ft-vd (it <***,«,„+•.« v«w>« *** 

ar, new afpot.-f«l<] *>V*ti* eJ • fu*****-, B, uoor-Ki'nj in t*ve oppei.'/t 

diV4 th'eii } + h* hot, feitirv*vp ujo*! d SYp-in 1 C€ h*t CKa^j < Tn it S 

C4ndt fi ^ ii’rtfi * t {?**. 'frfti-i p4iti"»yy Qfr* ^x * 

TVic di^oA\W4i'0n »S by toni »'d*rr«j 4h£ COw%bi'**d S^i *4 ** 

e-ovitr*tfn£ O'f tht ly dll **\d the hot SiWt I’t* pfcHl ftfftut*. 

C'ycl*! or e*p*<i**nec no utt ^ the £.s»nb i'ned >h #h - 
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Problem 5-11 continued 
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rR06(^l 5^0 


fcwfiiiii?- A power Ujcte receives enerjy bp beat transfer- at & specified 
tempera-hire amd reject* enerf «j fcw hint mnpfer at- ^iwum^ue 7J. The 
tUertwal e-ff-icUncy is one-half that *• fd reversible cycfe operating between 
resevvoirs at fhe respective tervpenutures. 

FfOP : c*) &*" "Tc - 400X., determine -fh.e net- power developed per unit of 
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Problem 5-40 continued 

(b) Pio-Hs 7fc4-followi*j> fLt>h are amsFfudrJ (T: 



t 5 (K) 


from -H*l CompuJ^ir dab, "Ht* 
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PRDBLEH S'. 41 
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KNOWN ! Opir4+f*nj p rvvi'dmd -fnr> 3yl+<**i a. 
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(a) If one is a power cycle and the other is a h ea[ p Un ,p 
cycle, what is the relation between the coefficient of per- 

ormance of the heat pump cycle and the thermal effi¬ 
cacy of the power cycle? 
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(b) Jf one is a refrigeration cycle and the other is a heat 
pump cycle, what is the relation between their coeffi- 
cicnts of performance? 
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PROBLEM 5\ 4? 


A refrigeration cycle rejects (J M - 500 Btu per cycle to 
a hot reservoir at r M - 540°R, while receiving Qr = 375 
Bui per cycle from a cold reservoir at temperature 7 C . For 
10 cycles of operation, determine (a) the net work input, in 
Btu, and (b) the minimum theoretical temperature T Ci in °R, 
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PfcpgLeM 5 . 4£ 


A reversible heat pump cycle operates as in'Fig, 5.7 
between hot and cold reservoirs at T u = 27°C and V c = 
-3X, respectively. Determine the fraction of the heat trans¬ 
fer Q u discharged at T u provided by (a) the net work input, 
(b) the heal transfer Q c from the cold reservoir Tc* 
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P£o(3LeM s, 49 


A reversible power cycle and a reversible heat pump 
eye c operate between hot anil, cold reservoirs at tempera- 
^ T« r mr* and To respectively. If the thermal effi- 
emney of the power cycle is 60%, determine (a) T c in °R 
and (b) the coefficient of performance of the heat pump. 
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PRoB Le H 5-ST> 


An inventor has developed a refrigenilor capable of 
maintaining its freezer compartment at 20°F while operat¬ 
ing in a kitchen at 70 J F, anti claims the device has a coeffi¬ 
cient of performance of (a) 10. (b) 9.6. (c) 4. Evaluate the 
ciaini in each of the three cases* 
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P Ro 3 US ^ S-is J 

An inventor claims it. have developed a refrigerator that 
at steady slate requires a net power input of 0.7 horsepower 

° rdn,ovc l2 '°°° M of energy by heat transfer from the 
freezer compartment at 0T and discharge energy by heat 
transfer to a kitchen at 70T. Evaluate this claim. 
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pEogLeM s.rz 


An inventor claims to have devised a refrigeration cycle 
operating between hot and cold reservoirs al 3GG K and 250 
K respectively, that removes an amount of energy Q v by- 
heat transfer from the cold reservoir that is a multiple of the 
net work input—that is, Q c - N^ vJc . where all quantities 
are positive. Determine the maximum theoretical value of 
the number N for any such cycle* 
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PRdGlcm £.$3 

Data arc provided for two reversible refrigeration cycles* 
One cycle operates between hot and cold reservoirs at 27°C 
and -8°Q respectively- The other cycle operates between 
the same hoi reservoir ai 27X and a cold reservoir at 
-28 a C. If each refrigerator removes the same amount of 
energy by heat transfer from its cold reservoir, determine 
the ratio of the net work input values of the two cycles, 
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pR.oe<-eM s.S'-i 

By removing energy by heat transfer from its freezer com¬ 
partment at a rale of 1.25 k VV, a refrigerator maintains the 
freezer at —26 r ’C on a day when the temperature of the sur¬ 
roundings is 22 n C. Determine the minimum theoretical 
power, in kW, required by the refrigerator at steady stale. 
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P&oGlem $,$8 

Al steady state, a refrigeration cycle operating between 

hot and cold reservoirs at 300 K and 275 K, respectively 

moves energy by heat transfer from the cold reservoir at 
a rate ol 600 kW. reservoir at 

(a) If the cycle's coefficient of performance is 4, determine 
the power input required, in kW. 

?wT i,W ,hC " ,ini,,Mlm theoretical power required in 
k W. for any such cycle. H * m 
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PROBLEM 


5.S9 


As shown in Fig 1*5.59, an air conditioner operating at 
Steady state maintains a dwelling at 70 V F on a day when'the 
outside temperature is 90“F. if the rate of heat transfer into 
the dwelling through the walls and roof is 30.0()0 Btu/h 
might a net power input to the air conditioner compressor 
of 3 lip be sufficient? If yes, determine the coefficient of per¬ 
formance. If no, determine the minimum theoretical power 
inpul, in hp. 
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P EM S. Ca O 


A heat pump cycle is used to maintain the interior of a 
building at 20"C. At steady state, the heal pump receives 
energy by heat transfer from well water at 10°C and dis¬ 
charges energy by heat transfer to the building at a rate of 
120,000 kJ/h. Over a period of 14 days, an electric meter 
records that 1490 kW - h of electricity is provided to the 
heat pump. Determine 

(a) the amount of energy that the heat pump receives over 
the 14-day period from the well water by heal transfer, 

in kJ. 

(b) the heat pump's coefficient of performance. 

(c) the coefficient of performance of a reversible heat pump 
cycle operating between hot and cold reservoirs at 20 C 
and I0°C 
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P^CBlEM 5-6/ 

5.61 A refrigeration cycle has a coefficient of performance 
equal to 75 % of the value for a reversible refrigeration cycle 
operating between cold and hot reservoirs at -S Q C and 40*0, 
respectively. For operation at steady stale, determine ihe net 
power Enpul, in kW per kW of cooling, required by (a) the 
actual refrigeration cycle and (b) the reversible refrigeration 
cycle. Compare values. 
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PROBLE *M 5 - &Z 

By removing energy by heal transfer from a room, a 
window air conditioner maintains the room at 22°C on a day 
when the outside temperature is 32°C 

(a) Determine, in kW per kW of cooling, ihe minimum the¬ 
oretical power required by the air conditioner. 

(b) To achieve required rates of heat transfer with practical- 
sized units, ait conditioners typically receive energy by 
heat transfer at a temperature below that of the room 
being cooled and discharge energy by heat transfer at a 
temperature above that of the surroundings. Consider 
the effect of this by determining the minimum theoret¬ 
ical power, in kW per kW of cooling, required when 
T c - 18°C and Tj, = 36°C, and compare with the value 
found in part (a). 
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Problem 5-63 continued 
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PROBLEM 5 . 6^ 

Two reversible refrigeration cycles operate in series. The 
firsi cycle receives energy by heat transfer from a cold reser¬ 
voir at 300 K and rejects energy by heal transfer to a reser¬ 
voir at an intermediate temperature T greater than 300 K* The 
second cycle receives energy by heat transfer from the reser¬ 
voir at temperature 7' and rejects energy by heat transfer to a 
higher-temperature reservoir at 883 K. If the refrigeration 
cycles have the same coefficient of performance* determine (a) 
T* in K* and (b) the value of each coefficient of performance* 
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PRoBLCM s, 7o 

Two reversible hem pump cycles operate in series. The first 
cycle receives enerEV bv heat transfer from a cold reservoir at 
250 K and rejects energy by heat transfer to a reservoir at an 
intermediate temperature 7 greater than 150 K. The second 
cycle receives energy by heal transfer from the reservoir at 
temperature T and rejects energy by heat transfer to a higher- 
temperature reservoir at 1440 K. If the heal pump cycles have 
Lhe same coefficient of performance, determine (a) T , in K T 
and (b) the value of each coefficient of performance. 
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PEoBLtM 5 - 1-1 


Two reversible refrigeration cycles are arranged in series. 
The first cycle receives energy by heat transfer from a cold 
reservoir at temperature Tc and rejects energy bv heat 
transfer to a reservoir at an intermediate temperature T 
greater than Tc* Hie second cycle receives energy by heat 
transfer from the reservoir at temperature T and rejects 
energy by heal transfer to a higher-temperature reservoir at 
T u . Obtain an expression for the coefficient of performance 
of a single reversible refrigeration cycle operating directly 
between cold and hot reservoirs at 7(- and 7^, respective ly, 
in terms of the coefficients of performance of the two cycles. 
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problem 5. F3 

As shown in Fig, P5.S3, a system executes a power 
cycle while receiving 750 kj by heat transfer at a temper 
at u re of 1500 K and discharging 100 ki by heat transfer 
ul a temperature of 500 K. Another heat transfer front the 
system occurs at a temperature of 1000 K. Using Eq. 5 AX 
determine the thermal efficiency if cr. k is (a) 0 3 kJ/K 
(b) 0.2 tJ/K. (c) 0.35 k.l/K. ‘ 11 ’ 
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T\ = 1500 K 
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A - 500 K 


Qt = 100 ki 


Fig. P5.83 


M ope L.* 

1 . TK* 5/slrrt, -h fvg , P 57 S*3 e:^c*L+Q- 

pesi^er cy c |e’ 

2 „ /lit H** drexn? a eU'c_*_£i.*) 

'tKc. ^ccotv^3(y»u^ i*i^ o^rr jjtv^* 




-Y i_ — w^y^. 

Al:o v - CD cycle ; Qj _ CB* - (S) 3 

-y| _ Q| * <& 7, " <Sj ?ST)-* too - G3j 


Q| 


^<TD 


C0 


ui,« s i=j. r.ij 


__ <0^- ^ 

Ti Tt ~~ ’ 


21 * “ 


^ G? 3 - I, f ® 1 - -* ^reff? 

* 

s |poo^[«>-3+^H*g Cl) 
p £ *) <JV y ci tfiOJ <3 i u^r 4 -go t J. ■ CO 3 / ^ 

Y\ _ 7>VWH« ( ’.. 0.333 

0*^ Q>h ciu^ CP‘Z . c^OO^itfe; G^O) 

o.i- 

■^-rs 

a 1 ^du - o-^/ , 15 ^. to ^ |Vj ^ 

Vj ~ ^-503 g<J — <» O ^ O ) 


ca; 


00 


<1 


U) 


d - Tf (Tc^tie — o,, t= -j c* J ^3 oo jc“]. TUjn i ^*j,.C>) *3 : r 

-V>- 7 W-»<■«■" 300 _ ft 4-ul C46.79C) --KIAY.'VJ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























PRoTSUEM S. ff 4 


A simple vapor power plan! operating at slcady state 
is shown in Pig. P5.S4. In each ol the following three cases, 
use Eq. 5.13 to determine whether the cycle is possible 
internally reversible, or impossible. Processes 1-2 and 3-4 
arc adiabatic. Kinetic and potential energy changes can be 
ignored. 


(a) 


<b) 

(c) 


Process 4-1: constant-pressure at I MPa from saturated 
hquid to saturated vapor. Process 2-3: constant-pressure 
at 20 kPa from - 38% to « ]8%. 

Process 4A: Constant-pressure al 8 MPa from saturated 
liqurd to saturated vapur. Process 2-3: constant-pressure 
at 8 kPa from x z * 67.5% to ^ - 34.2%. 

Process 4-1: constant-pressure at 0.15 MPa from satu¬ 
rated liquid to saturated vapor. Process 2-3: constant- 
pressure at 20 kPa from jr 2 » 90% iojcj ~ 10%. 
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PP0 8L£M 5. 
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■P&OBLtEM 5-^b 
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P&oi3ueM S. 


Figure V5M shows a system consisting of a power cycle 
driving a heat pump. At steady state, the power cycle receives 
Q* by heal transfer at 7\ from the high-temperature source 
and delivers (?i to a dwelling at 7^, The heat pump receives 
£?n from the outdoors at T 0 , and delivers Q 2 to the dwelling. 
Using Eq + 5.l3 h obtain an expression for the maximum theo¬ 
retical value of the performance parameter {£>, + £),)/(), in 
terms of the temperature ratios TJT d and 7V7 d . 
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PROBLEM 6. / 
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PtfGSLEM 2. 
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PRogl£m 6-3 
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Table A-21 provides the following expression forc^(T) 

~ - a + £f + y7 2 + 5T J + e 7* 

R 

Inserting this into Eq. i. jS written on a molar basis, and integrating 
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The values for the constants a,^ p y, and e for are obtained from Table A-2L 

Continued on next slide 
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Problem 6-3 continued 
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PROBLEM. 6.S' 


(a) J?e : Probten-i £>. I 


IT Code 
p = 50 // bar 
Ta = 400 // °C 

sa = s_PT("Water/Steam' 1 , p, Ta) 

Tb = 100 

sb = s_PT("Water/Steam”, p, Tb) 

uc = 1872.5 II kJ/kg 

uc = u sat_Px("Water/Steam". p, xc} 

sc = ssatJ^xp/Vater/SteanT'. p, xc) 

xd = 1 

sd = ssat-PxfWater/Steam", p, xd) 


/T Results 

(a) sa = 6.645 kJ/kg-K 

(b) sb - 1.308 kJ/kg K -* 

(c) xc = 0.5001 

sc = 4.447 kJ/kg K 

(d) sd = 5.973 kJ/kg-K 


(le^ Ra'. (e.'Z . 


/T Code 

p= 1000 // Ibf/in. 1 
Ta = 750 // °F 

sa = s_PT("Water/Steam", p, Ta) 

Tb = 300 

sb = s_PT{'Water/Steam", p. Tb) 

he = 932.4 // Btu/lb 

he = hsat_Px{' r Water/Steam", p, xc) 

sc = ssat_Px(‘Water/Steam", p, xc) 

xd = 1 

sd = ssaLPxfWater/Steam" p, xd) 


IT Results 

(a) sa = 1.541 Btu/lb °R 

(b) sb = 0.4369 Btu/lb °R 

(c) xc= 0.6001 

sc = 1.131 Btu/lb-’R 

(d) sd = 1.39 Btu/lb °R 


f i ^ i s -t*. 

ST rthArnl Sjjftrf'c 
S j. 


At 

XT rtt-w'RS 

f>vfr©p-7 
V.g, eq .C>.5~. 
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PROBLEM Q.C 


(<*) 3 . 

IT Code 


Tal = 400 II *0 
pal = 100 // bar 

Ta2= 100 
pa2 =100 

sal = s_PT("Water/Steam' , 1 pal, Tal) 
sa2 = s_PT(''Water/Steam", pa2, Ta2) 
dets_a = sa2 - sal 

Tdl = 727 
pdl = 1 

Td2 = 25 
pd2 = 3 

dels_d = s_TP("H2'', Td2, pd2) - s_TP{ ,, H2 , '. Tdl, pdl) 

hbl =111.44 // kj/kg 

Tbl = -40 
xb2 = 1 
pb2 = 5 

pbl = Psat_T("R134A”, Tbl) 
bbl = hsat_Px("R134A' , 1 pbl, xbl) 
sbl = ssat_Px("R134A", pbl. xbl) 
sb2 = $sat_Px("R134A", pb2, xb2) 
dels_b = sb2 - sbl 

IT Results 

(a) As =-4.903 kj/kg K 

(b) As = 0.4338 kJ/kg K 

(c) As = 0.9749 kJ/kg-K 

(d) As = -22.16 kJ/kg-K 

Tel =7 
pci = 2 

Tc2 = 327 
pc2 = 1 



dels_c = s_TP{''Air”, Tc2. pc2) - s_TP("Air", Tel, pci) 
tb) E?e; P-voWev** C. 4"- 


IT Code 


p = 1000 II lbf/in. 2 

Tal = 800 // *F 

Ta2= 100 

sal = s_PT("Water/Steam", p, Tal) 
sa2 = s_PT("Water/Steam", p, Ta2) 
dels_a = sa2 - sal 

Tdl=820 
pdl = 1 * 14.696 

Td2 = 77 

pd2 = 3 * 14.696 

sdl = s_TP("C02", Tdl. pdl) 

sd2 = s_TP(“C02", Td2, pd2) 

dels_d = sd2 - sdl 

hbl =47.91 II Btu/lb 

Tbl = -40 
xbl = 1 
pb2 = 40 

pbl = Psat T("R134A" > Tbl) 
hbl = hsat~Px{"R134A", pbl, xbl) 
sbl = ssat Px("R134A", pbl, xbl) 
sb2 = ssa_Px( , 'R134A", pb2, xb2) 
dels_b = sb2 - sbl 

IT Results 

(a) As = -1.437 Btu/lb "R 

(b) AS = 0.1056 Btu/lb °R 

(c) As = 0.184 Btu/lb-'R 

(d) AS = -0.2545 Btu/lb-*R 

Tel = 40 

pci = 2* 14.696//lbf/in. 2 

Tc2 = 420 

pc2 = 1 * 14 696 

scl = s_TP(”Air“, Tel, pci) 

sc2 = s_TP(”Air”, Tc2, pc2) 

dels c = sc2 - scl 
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P6.o8L.6M 6.? 


Using stctitn table data, determine the indicated property 
data (or a process in which there is no change in specific 
entropy between stale 1 and stale 2. In each case, locate the 
states on a sketch of the T-s diagram. 

(a) 7, = 40' y C r X\ - ]m%.p 2 ^ 150kPa. Find T h in °C 
and AA, in kJ/kg. 

(b) T t = 1G°C*, - 75% T /Jj = 1 MPa. Find T * in U C, and 
An, in fcJ/kg. 




t iue a-Zj 

5, = fc. 

h,= ZS74-3 

T»K r Uhv>j ^ ‘*V* A - 4 > 

T 2 = <• 

li = "? 2 (3 ■ ^ 

/>h- <- 

<r 


TVU**'*; 

£,r -Sf * 

- o,»5fo + e =fr(?.^0oj-o.ii~io) 

= fe. TJ/jj’j-ta/cj .t 

^ - Hf-* X. fas } 

= 42.0-±°--K-( z SM- 2 - 4Z - O:> 
= 18o2.. 4 «|fcg 

T'*v -W l*. K ^ ^ y 

-n=2.o4.i°C -- 

u 2 = 

Au .= n t.s-*- 3 ^ -— 
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PP»8UEM 6>. <? 


Fl ■+■'»*. i‘«J |' c*t*d py-eper+y -n^er *. p-uit+fj w tier? Sj, = 5/ . 


Fro^ T*tl«_ A-4£ , *,« 1*4143 


/on e /: 



w 


tb) \Mg4e r . Tj - 10 °C ; X, = C H £ . S*W*4ed vap er*t Fi hd P z . 



Usii^j da4#t -fr«»vi T^.ble_ A-3L 

S| = + A.JS10 + O--7s(SMdOF-O-J5>*0 

* t. 71335 *3i*y K (b) 

f in p* !« fVn J wtHH in TfcUt. A-3/ f^ =L ii?*nb* r ■ ^ 


CO Air A3 a » / de«f q AS, T, r 30OK tZ7 fi c) , p, * /. 5 b*r j 4 30 K C l 2T fl t) - Pi*d Pi 

S*iv%ct 3* — S| j ^1' &*20cu 

^ a. s 

p ‘ p 

W M W s“ dflAn. 'frtwvL T*. tlfC- A-JJjJJZ. 

u ft. = I.g4i44 - l 7S ^.1 

n " (Wl4/a#^7) 


ii c 3*744, 


P x c 4 ■ I to*'* 


*0 


ft) Ai> a3 a>\ Tci«iJ gaf. T, = StO°R{ /OOV), R^: , ^ndT^, 

Since. Si ■ S , j £^. &. 2 0tf_- giveJ 

S*(T V ) = 3«Cfl + R ^3: 

T l 

Wi'4h s ° ^-t r, -fre^ T^M* »-2"2£ 

S*CT*.V O.fcOJSO ■»■ l*>8fa Xk — 1 O.^fclT B4»/lt,- 0 £ 

2«.47 3 

-E^4.r pe l»+,^5 W.4K s D (Ti),„ r»*l«r 4-S£ y 71 i 4-11 -7 " (3? “f).-*- 

(^e'j RlS4o-. T, s WC; l*| =■ £ b*.r, Ptaito^r. Fi«.d ^ 

A- IX , o. 

TW* , w.+<~ TV4M-, A.II 

- 0 .4^4 -Q-ofe7f „ c qg£“ 

0 - 4^4 V* - O Qblfi 

Av\«i- 

^ ^ 4 ^ C ^ \ - V 4 ) 

« Mirt, + (.wf (j.ti/7-02i£i] 

-ITT" ^ ^3 J 


(4) 



/Ol 


- o. i s 3 *A/^7 -n- 


Ce-) 
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problem 65 


Usi'nj 3"P, obEa-iw-V*^ p/voperKj dca-f**- re^ v*S " 1 ~ 

( d.') prublew^ (<»•? . 

((,) Pr a ble«*~ fe>- o 

EVobtci-vt ^ f> ® 


Problem 4 ^ 

T1=40 

* 1=1 

p2=150 

s2=s1 

deltah=h2-h1 

pi = Psat_T("WaterfSteam", T1) 
si = ssat~Px("Water/Steam", pi, xi) 
s2 = s_PT(“Water/Steam“, p2, T2) 
hi = hsat„Px("W3ter/Steam". pi,xi) 
h2 = h_PT("Water/Steam“, p2. T2) 

Solving. . 

T2=368.6 
deltah=638.4 


(o.^Ch) 


T1=1Q 

x1=0.75 

p2=10//bar 

s2=s1 

dettau=u2-u1 

pi = Psat_T( "Water/Steam", T1) 
si = ssat_Pxf'WateT/Steam", pi. xi) 
ul = usat_Px("Water/Steam", pi, xi) 
s2 = s_PTC*Water/Steam", p2. T2) 
u2 = u _PT{"Watef/Steam", p2. T2) 

Solving... 

T2=203 7 
delta u=826.5 

Continued on next slide 
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Problem 6-9 continued 


PaogLeM fe.$ oa ,- w<a it ; 

(Z Code ~ 

/* (a) Water 
pi = 14.7 II Ibf/in 2 
T1 = 500 // °F 

p2 = 100 

si = s _PT('Water/Steam", pi, TI) 
s2 = s_PT("Water/Steam", p2, T2) 
s2 = si 

(b) Water 

ti = io ire 

xl = 0.75 
x2 = 1 

pi = Psat_T (‘Water/Steam", TI) 
si = ssat_Px('Water/Steam", pi. xl) 
s2 = ssat_Px(Water/Steam", p2, x2) 
s2 = si 

(c) Air 

TI = 27 //°C 
pi = 1.5 //bar 
T2 = 127 

si = s_TP("Air", TI, pi) 
s2 = s_TP("Air", T2, p2) 
s2 = si 

(d) Air 

TI = 100 // °F 
pi = 3 // atm 

p2 = 2 

si = s_TP( M Air, TI, pi) 
s2 = s_TP("Air", T2, p2) 
s2 = si 

(e) R-134a 
7 

TI = 20 // a C 
pi = 5 // bar 
P 2=1 

si =s PT( , ’R134A”, pi, TI) 
x2 = x_sP(“R134As2, p2) 
v2 = vsat_Px("R134A“, p2, x2) 
s2 = si 


IT Results 

(a) s = 1,926Btu/lb °R; T 2 = 1016*F 

(b) s = 6.712 kJ/kg-K; p 2 = 6.903 bar 

(c) p 2 = 4.117 bar 

(d) T 2 = 38.75T 

(e) s = 0.9264 kJ/kg-K; x 2 = 0.985, v 2 = 0.1888 m a /kg 


CcMmwt'- As j ‘fooi bf fv/eeM da+a, ot)+*Vnpd 
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PRoBLtM (S./O 


Propane undergoes a process from state l s where 
= 1.4 MPa, 7, = 60°C, to state 2, where = 1,0 MPa, 
during which the change in specific entropy is s 2 — = — 0 03 $ 'K, 

At state 2 h determine the temperature, in *C, 
and the specific enthalpy, in kj/ltg. 



s,= i.sw' K:r /te5 -K 


* ! /C il * -'S. “ 


— 0.03 S ^7 ^5 f 


saj Sj. = (i K 

_ l. »' K-T/fcj-IC 

TKirtj *"t fa- = f'OtoPa*/ 

Tj,- -7-0 c c 

v, t = *324-£-KJ/^ 
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Pf?0ELt5M G.JJ 


Air in a piston-cylinder assembly undergoes a process 
from state 1, where 1\ = 300 K,p, = TQOkPa, to state 2, 
where T 2 — 5OO K, pi = 650 kPa, Using the ideal gas model 
for air, determine the change in specific entropy between 
these states, in ki/kg * K y if the process occurs (a) without 
intern at irreversibilities, (b) with internal irreversibilities. 


I AtA I 

i_ _, _ i 


o 


Tj - jooK 

p ( = (oojt^ Pt- 


- Soofel 


^ pr^per-h^y. TUuTj +U-r ^ 

U&s '+ ts * VdLwe^-fov -pt>€ed sVe-4c;r mkc+ker c r fvot 

Ji h <*r &r*< pfe re-* t “H''-* -e nJ 

sV-k. 


(ju..fr~ f-vw P'-Z'Lj 


Zi£- S°(tJ - s*(t*.)- R^-x- 

n 


' '-?62D3 ' ^ Cl7^)l S?i 


- - 0. till T ^ 
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PROBLEM £.I2_ 


K.mou’u : CM4 w, Co^|Kj»»a -jv«r~% i to *r ti +*^ p *K<»-Wr TJ 2 b*r in 

o. (t^otAts f»y Sj. •= S, 

F />->\) '. lie I'm** »j T. 


Schematic <f&/yfA3 D*TA: 



gtogig. tviop&L ; tn<v 

0 AMAL-Vtii Ui;^ TT 

IT code 

T1 = 298 // K 
pi = 1 // bar 
p2 = 2 // bar 


vt**4«(»d ao a.*** i^r- ♦ JAS. 


si = s_TP("CH4", T1, pi) 
s2 = s_TP{ ,, CH4", T2, p2) 
s2 = si 


IT Result 
T 2 = 348.7 K 


J. AU*'’**^*! J Wim5 E*i-(,t8 o^t'iT- Cp {-) -fryw. "TV^-Lf /}-n 

Ust«3 6.K a-|UA-K»^ VJl«/er y fyc^Ag JTj -fU^s fw, Ou% <m. Soiy~e<d fiv T 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















Problem 6,i3 

One-quarter Ibmol of nitrogen gas (N.) undergoes a 
process from p, = 20 Ihf/in. 2 , T, = 500°R to p z = 150 Ibf/in 2 
For the process W^-SOOBtu and Q = -125.9 Btu. 
Employing the ideal gas model, determine 

(a) Tit in & R. 

(b) the change in entropy, in Btu/°R. 

Show the initial and final states on a T-s diagram. 


A^^LT^i $: 


IVH b I > t a > 

^ wtuCTO-ECtTi)]^®*^ 

A S tTd - “ ^ T <) + 

W.-Hv E(Si>o»R) = HWJ BW'** 4 " 1 7itte4 ' 2 ^ Ei 

, f-as-.'i —£-«*»)] = 

ut-U-- ^ - o.2r^r 


F«7tw, 7VUu.A-£'3£ j 


SCrt-iM^Tic * 



VTs - S'ooB*'*- 
Q r - I*?.1 B-Ra. 

g>j6r? M oOgLIOjlKi -,de*.l Terfe l 

^ppl.er + U i'W Xjnoi-c 
f’c. ? 


31^1- Bit 

lb*-*! 


TL 


, r _ 0/ _ , rvr) - k A** Pl M J 

(U) As = * [ S*0*)-s <- T ‘ ! 

, o.zr i*~< 4”'" s " 


- _-3-34*? 


3^b 

*£- 




^5 
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TfcogLeh 6.14 

One kilogram of water contained in a piston-cylinder 
assembly, initially at 160*0,150 kPa, undergoes an isother¬ 
mal compression process to saturated liquid. For the process, 
W - -471*5 k-J* Determine for the process, 

(a) the heat transfer, in kX 

(t>) the change in entropy, in kJ/K. 

Show the process on a sketch of the 7-v diagram. 





Lb) 


=> C3 - v* + 

_V - 7 Q 

„ .1 - ^ ^ ft -5 

j ; *»/* 

. ^ _ 4-ii.r-+ < K in tT 

- - -23^1-9^^ 


schematic i<z>(i£to "Dai/V 





T - U,» 4 c 

P, -5 tSbK-f^ 


Ekicp. modpl: x t 


, r. C~ 


t c ) 


7lWe 4 **• ; 


Si s I -^4^ 


■n -'i ^ 


4S* ,K 3 


Gi 

--- 
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Problem £js~ 


One-tenth kmol of carbon monoxide (CO) in a piston- 
cylinder assembly undergoes a process from * 150 kPa, 
Ti = 300 K to P 2 = 500 kPa, T 2 - 370 K. For Lhe process, 
W - -300 kJ, Employing the ideal gas model, determine 

(a) the heat transfer, in kJ. 

(b) the change in entropy, in kJ/K, 

Show the process on a sketch of the T-s diagram 





B^ ij b*. l<vt < €.; 

~ o -W 

^?<i> C. av-t. W 

- *£TvCT*> - UCT,)jfUr 

W-K fr^. Ts.WcA-23^ 

Q= O.l k*k«I ['7iS e i-C>2iiJ^ f -t(-S«iiijJ 
«-!S4 ^3 


* <s< kWpflTrt; 


W: -3 Oo fcj 

n * o j r pk o i 

F* - ^ 

Tj - ?OOtC T*. ~ 

e e- model e nuCo a ^voiifct/ 

2 l^tVvrbc 

Po+C^'K ^wP c+£ k 



Cfa) w.-K 4 * 4 ^ f^T^U, /4-2J*; 

•AS - * [ s" °(7 t ) . r°(r ,) -« 4*d|J 

Zli »(Q.li.>ne| )f 2 tJ. SH 2 -iil ril- <. M 7 Li. 
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PROBLEM CJC 

- Argon in a piston-cylinder assembly is compressed from 
slate \ t where 7\ — 300 K. V t = 1 ny\ lo stale 2 f where 
7 2 — 200 K. ff the change in specific entropy is 
s 2 ~ = ^0.27 RJ/kg - K. determine the final volume* in 

m . Assume the ideal gas model with k - 1.67. 

R- 1M uPHL ; TK* arjovi t s vwjdeltfd a vs -f d < o-P 

<J4f K - I^T- 


r <ziv£k> 


i—-r 

i AJS40N/ | 








TJ = ?oo >C ~ Zoat< 

s a -s ( =- o.a?-*J/K 5 -t< 


Am A u-fry ; X f -* *l to £. 2 J, 

C v 3 i_ + R U 


5 a -T, 




c _ JP_ c g.i^/3-j.-t^) K -0.310?^. 

K-l “ l.t,?- I *<}■<. 


T\ A-{ W 


-O.J1 H = 0.7.0TH 








14 = 6.b 


?-3'H fe J 


C&) 
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Problem G. i? 


. Steam eaters a turbine operating at steady state at 
I MPa, 20CTC anil exits m 4Q n C with a quality of 83%. Stray 
heat transfer and kinetic and potential energy effects are 
negligible. Determine (a) the power developed by the 
turbine, in kJ per kg of steam flowing, (b) the change in 
specific entropy from inlet to exit, in ki/K per kg of steam 
flowing. 

(V\ OE0 L* 

Th C t cn VGtu*we * uvy 

is 

P cl**C«~» H*< +f 4f f 


S'CHeMMTtc f itven M tA .• 



A*^u.YUr- 

(0.^ An tntpjj p-*.+C 6 a Untf L{ e, it 1 *“ c j iv, — **'*'* 4 “A 

Ia,= *3 <-»•? h 2= Kf+s'z, 1 ^ = H7.ST- -+ C-£ 3 ( 2 / 06 .?) = 2165“- 1 j|? 

(TV.fck fl-2-1 ■ TLs,, ® 

’w c v' _ ( 2 . Ji-i. 0— - U.Z-? -$-—- 

V^i ^ J 

(is) S,» <*.£.?4£) *>.3/ej K , Sj 3 $f-* **• ? fl - 0.S:?AS>4-0.83(«-2S^« - - 6.^5^ / 5 
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Problem g.io 

One kilogram of water in a piston-cylinder assembly 
undergoes the two internally reversible processes in series 
shown in Fig, P6.2Q. For each process, determine, in kJ, the 
heat transfer and the work. 
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undergoes, ihc two internally reversible processes in series 
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nLdi transfer and the work. 
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PfcoBLerA <d-Z3 

One pound mass of water initially a saturated liquid at 
1 atm undergoes a constant-pressure, internally reversible 
expansion to x - 90%. Determine the work and heat trans¬ 
fer, each m Bill Sketch the process on p~u and T-s coordi¬ 
nates- Associate the work and heat transfer with areas on 
these diagrams. 
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problem ( 0 . 2 ? 


Air in a pision-cy Under assembly and modeled as an 
ideal gas undergoes two internally reversible processes in 
series from state l . where l\ = 290 K, py - 1 bar 
Process 1 * 2 : Compression to p 2 ” 5 bur during which 
pV l 10 = constant 

Process 2 - 3 : Iscntropic expansion to p 3 - 1 bar 

(a) Sketch the two precesses in series on T-s coordinates. 

(b) Determine the icmpeniture ai sme X in K, 

(c) Determine the net work Jn kJ/fc*f. 
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P£o8u={y\ 6.27 

One-tenth kilogram of a gas in a piston-cylinder assem- 
b 'y undergoes a Carnot power cycle for which the isothermal 
expansion occurs at S00 K. The change in specific entropy of 
the gas during the isothermal compression, which occurs at 
4D0 K, is -25 kj/kg * K. Determine (a) the net work devel¬ 
oped per cycle, in kJ, and (bj the thermal efficiency. 
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PfcoffLEi'i 6.31 

Air in ;i piston-cylinder assembly undergoes a Carnot 
power cycle. Hie isothermal expansion and compression 
processes occur at 1400 K and 350 K. respectively. Ibe pres¬ 
sures at the beginning and end of the isothermal compression 
are 100 kPa and 500 kl’a, respectively. Assuming the ideal gas 
model w,th c p = 1.005 kJ/kg ■ K. determine " 

(a) the pressures al the beginning and end of the isother- 
mal expansion, each in kPa, 

(b) (he heat transfer and work, in kj/kg. for each process. 

( c ) the thermal efficiency. 
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Problem 6-31 continued 
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PJ?06lEm 6.32. 


T 


Walcr in a piston-cylinder assembly undergoes a Carnot 
power cycle. At the beginning of the isothermal expansion, the 
temperature is 250°C and the quality is 80%. The isothermal 
expansion continues until the pressure is 2 MPa. The adiabatic 
expansion then occurs to a final temperature of !75“C. 

(a) Sketch the cycle on T-s coordinates, 

(b) Determine the heat transfer and work, in kJ/ke for each 
process. 

f c ) the Uiermal efficiency. 
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Problem 6-32 continued 
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PROBLEM 6-34- 


Figure l’ft.34 shows a Carnot heal pump cycle operat¬ 
ing at steady slate with ammonia as the working fluid. The condenser temperature is I20 F. W .th saturated vapor 

entering and saturated liquid exiting. The evaporator tern- 
peraiure is 1Q°F. 

(a) Determine the heat transfer and work for each process, 
in Btu pei lb of ammonia flow inti. 

(b) Evaluate the coefficient of performance for the heat 
pump. 

(c) Evaluate the coefficient of performance for a Carnot 
refrigeration cycle operating as shown in the figure. 
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Problem 6-34 continued 
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PeoeLen 6-4o 

Two nr of iiir m a rigid. insulated container fitted with 
a paddle wheel is initially at 293 K. 200 k Pa. The air receives 
710 k.l by work from the paddle wheel. Assuming the ideal 
gas model with c v - 0.72 kJ/kg ■ K, determine for the air (a) 
the mass, m kg, (b) final temperature, in K, and (c) the 
amount of entropy produced, in kJ/K. 
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P£o?L£M 6.4-/ 

A rigid, insulated container titled with a paddle wheel 
Contains 5 lb of water, initial!* al 260°F and a quality of 60%, 

The water is stirred until the temperature is 350°F. For the 
water, determine (a) the work, in Btu, and (b) the amount 
of entropy produced, in Btu/*R 
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P|2©3L£M &. 44’ 


„. Refrigerant 134a contained in a piston-cylinder assem¬ 
bly rapidly expands from an initial state where T\ — 140°F. 

Px = 200 lbf/in. 3 lo a final state where p : = 5 Ibf/im 2 and the 
quality, x?, is (a) 99%, (b) 93%. In each case, determine if 
the process can occur adiabaucally. If yes. determine the 
work, in Ulu/lb, lor an adiabatic expansion between these 
states. If no, determine the direction of the hem transfer. 
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PR.® Sue m <B-4-S~ 


One kg of air contained in a piston-cylinder assembly 
undergoes a process from an initial slate where T\ — 
300 K, Vi - 0.8 m V kg 10 a final state where Xi = 420K f 
v 2 = 0.2 mV kg. Can this process occur adiabaiically? If yes, 
determine the work, in kJ, for an adiabatic process between 
these states. U no, determine the direction of the heat trans¬ 
fer Assume the ideal gas model for air. 
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'p]ZjcT3(.eM G A-ia 

Air as an ideal gas contained within a 
assembly is compressed between two specified stales^ 
each of the following cases, can the process occur a ta 
catlV' If yes, determine the work in appropriate units for an 

direction of the heat transfer, 

(a) State 1:p, = 0.1 MPa,T, = 27“C.State2 : Pl = 0.5MPa, 
n = 207-C. Use Table A-22 data. 
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Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 











Problem 6-46 continued 
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Problem 6-47 continued 


Plot: W vs. 
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PZoBIBM 6.49 


r , Onc4enth kilogram of water, initially at 300 kPa T 200°C 
h compressed in a piston-cylinder assembly to 1500 kPa, 
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temperature of 205°C, determine the minimum theoretical 
work of compression, in kJ, 
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PeoDteM £. S3 


An inventor claims that the electricity-generating unit 
shown in Fig, P6.53 receives a heat transfer at the rate of 
250 Btti/s a( a temperature of 500" R, a second heat transfer 
at the rate of 550 Btu/s at 700"R, and a third at the rate of 
500 Btu/s at IQOO'R. For operation at steady state, evaluate 
this claim. 
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/T Code 

pi = 50 // Ibf/in. 2 
T1 =700 //°F 


u2 = ul 
v2 = 2 * vl 

ul = u_PT('Water/3team r \ pi, T1) 
v 1 = v PTCWater/Steam", pi, T1) 
u2 = u_PT("Water/Steam"* p2 ( T2) 
v2 = v_PT('Water/Steam ,, 1 p2, T2) 

sigma / m = s2 - si 
m = 1 //lb 

si = s_PT('Water/Steam r, 1 pi, T1) 
s2 = s_PT("Water/Steam", p2 P 12) 


IT Results 
I 2 = 697.4 T 
p 2 = 25,01 lbf/in 2 
S! = 1.881 Btu/lb °R 
s 2 = 1.957 Btu/lb *R 
u 2 = 1255 Btu/lb 
v 2 = 27,48 ff Jib 
a/m = 0 07611 Btu/lb °R 
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Continued on next slide 
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Problem 6-68 continued 


<jC> TUt j produced Qiw W dctcv'WiiA tA -fn>nn a* c-vaAtojuj 'otfl&ncc wWicti 

r-cJjnces wi-U\ »s\uv^Ki»\s O) <*-“$ fs) ■*© g wi 
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/TCode 

VI = 1 // m 3 
xl = 1 

pi = 40 // bar 
V2 = 1 // m 3 
p2 = 200 // bar 
T2 = 800 // °C 

ml = VI /vl 

vl = vsat_Px("Watei/Sleam", pi, xl) 
m2 = V2/v2 

v2 = v_ PT("Wate r/Stea m", p2, T2) 


ml * (u - ul) + m2 * (u - u2) = 0 
ul - usat_Px("Water/Steam", pi, xl) 
u2 = u_PT("Water/Steam", p2, T2) 
v = (VI + V2) / (ml + m2) 

u = u_PT( ,, Water/Steam", p. T) 
v = v_PT("Water/Steam", p. T) 


sigma = ml * (s - si) + m2 * (s - s2) 
si = ssat_Px("Water/Steam", pi, xl) 
s2 = s_PT{’Water/StRam”, p2. T2) 
s = s_PT("Water/Steam M .p. T) 
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PROBLEM 6-70 
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PROBLEM (o . 71 


Hgurc shows a system consisting of air in a rigid 
container fitted with a paddle wheel and in contact with a 
thermal energy reservoir. By healing and/or stirring, the air 
can achieve a specified increase in temperature from T, to 
h m alternative ways. Discuss how the temperature 
increase of the air.might he achieved with (a) minimum 
entropy production, and <h) maximum entropy production. 
Assume that the temperature on the boundary where heat 
transfer to the air occurs, 7' h , is the same as the reservoir 
temperature. Let T, < 7 h < T t . The ideal gas model 
applies to the an. 
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Finally, T 2 > T b . 
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Problem 6-73 continued 
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F^OBLE/V) 


A thermodynamic power cycle receives energy by heat 
transfer from an incompressible body of mass m and spe¬ 
cific heat c initially at temperature T ti . The cycle dis¬ 
charges energy by heal transfer to another incompressible 
body of mass n\ and specific heat c initially at a lower tem¬ 
perature T 0 1 here are no other heat transfers. Work is 
developed bv the cycle until the temperature of each of 
the two bodies is the same Develop an expression for the 
maximum theoretical amount of work that can be devel¬ 
oped, W mjtt in terms of m t C t T M > and To 
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PROBLEM 6-76 
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Problem 6-76 continued 
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Problem 6-79 continued 


H"T ' 


pi = 30 bar 
T1 = 230 *C 
VA - 100 m 5 
VB = 1000 m 3 

vl — v PT("Water/Steam' p pi, T1) 
ul = uJPT fWater/Stfiarn H , pi, T1) 
si - s_PTfWatetfSteam", pi, T1) 
m = VA / vl 

W = m * (ul - u2) 

V2 = (VA + VB) / m 
s2" si 

v2 - vsat_Px( l Water^SEeam" 1 p2 p x2) 
s2 = ssat_Px£ l Waterystran , f l p2 p m2) 
u2 - usat_PxfWater/3teat1ft l, , p2, x2) 

T2 = Tsat_P( H Water/Steam t ' p p2) 

Note: These are the IT results when the entire problem is solved using IT 
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v2 

0.3485 
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P^CLGM Q, .<f3 

Propane at &L MPa, 2(TC enters an insulated com¬ 
pressor operating at steady state and exits at 0 4 MPa, 

OCPC. Neglecting kinetic and potential energy effects, det¬ 
ermine 

(a) tlie power required by I he compressor, in kj per kg of 
propane flowing, 

(b) the rale of entropy production within the compressor, in 
kJ/K per kg of propane flowing, 
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PieogL-eM 6.S4 

By injecting liquid water into superheated slcam, the 
desuperheater shown in Fig, P6.S4 has a saturated vapor 
stream at its exit. Steady-slate operating data are provided 
in the accompanying table. Stray heat transfer and all 
kinetic and potential energy effects are negligible, (a) 
Locate states 1,2, and 3 on a sketch of the T-s diagram, (b) 
Determine the rate of entropy production within the de¬ 
superheater, in kW/SC 
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An inventor claims that ai steady state the device shown 
in Fig. P6.85 develops power from erne ring and exiting 
streams of water at a rate of 1174.9 kW. Ihe accompanying 
table provides data for inlet 1 and exits 3 and 4. [lie pres¬ 
sure at inlet 2 is l bar. Stray heat transfer and kinetic and 
potential energy effects are negligible. Evaluate the inven¬ 
tors claim. 


State 

tfi(kg/s) p (bar) 
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uCm’/kg) u (kJ/kg) h (kJikg) i(kJ'kg'K) 
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Power out = 1174.9 kW 
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P/iotfur^ C.lL 


Figure F6.86 provides steady-stale operating data for a 
well-insulated device having steam emcring at one location 
and exiling at another. Neglecting kinetic and potential 
energy effects, determine (a) the direction of flow and (b) the 

power output or input, as appropriate, in fci per kg of steam 
flowing. 
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P{2oi?L6M G-Z? 

Steam enters a well-insulated nozzle operating at steady 
state at I00CTF, 500 \bff\n. 2 and a velocity of 10 ft/s. At the 
nozzle exit, the pressure is 14.7 lbf/in. 2 and the velocity is 
4055 ft/s. Determine the rate of entropy production, in BtuCR 
per lb of steam flowing. 
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P|2©BL&m (S-S"?" 

Air <ii 400 kPa, 970 K enters a turbine operating in 
steady slate and exits at 100 kPa, 670 K. Heat transfer from 
the turbine occurs at an average outer surface temperature 
of 315 K at the rate of 30 ki per kg of air flowing. Kinetic 
and potential energy effects arc negligible. For air as an 
ideal gas with c p = |;1 kJ/kg * K t determine (a) the rare 
power is developed, in kJ per kg of air flowing, and (b) the 
rate of entropy production within ihe turbine, in kJ/K p^r 
kg of air flowing, 
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P&oQLe rv\ 6.8? 

Sleam at 240X, 700 kPa enters an open feedwater 
heater operating at steady slate with a mass How rate of 
0.5 kg/s. A separate stream of liquid water enters at 45°C 
700 kPa With a mass flow rate of 4 kg/s. A single mixed 
stream exits at 700 kPa and temperature T. Stray heat trans¬ 
fer and kinetic and potential energy effeets can be ignored 
Determine (a) 7', in “C. and (b) the rate of entropy produc¬ 
tion withm the feedwater heater, in kW/K. (e) Locate the 
'hree principal stales on a sketch of the Ts diagram. 
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6,3 0 


By injecting liquid water into superheated vapor, the de¬ 
superheater shown in Fig. P6.90 has a saturated vapor stream 
at its exit. Steady-state operating data are shown on the fig¬ 
ure. Ignoring stray heat transfer and kinetic and potential 
energy effects, determine (a) the mass flow rate of the super¬ 
heated vapor stream, in kg/min, and (b) the rate of entropy 
production within the desuperheater, in kW/K, 
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'Ptz&ZLEM 6.9/ 


Air at 600 kPa, 330 K enters a well-insulated, horizontal 
pipe having a diameter of 1.2 on and exits at 120 kPa, 300 K. 
Applying the ideal gas model for air, determine at steady 
stale (a) the inlet and exit velocities* each in m/s, (b) the 
mass How rale, in kg/s, and (e) the rale of entropy produc¬ 
tion, in kVV/K, 
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PRoBLEm 4-92- 


A* * steady stale, air at 200 kPa, 52^C and a mass flow 
rate of 0.5 kg/'s enters an insulated duet having differing inlet 
and exit cross-section ill areas. At the duet exit, the pressure 
of the air is 100 fcPa, the velocity is 255 m/s, and the cross- 
sect iona! area is 2 x 10 ' m , Assuming the ideal gas model, 
determine 

(a) the temperature of (he air at the exit, in U C. 

{!>) the velocity of the air at the inlet, in m/s, 

(c) the inlet cross-sectional area, in nr. 

(d) the rate of entropy production within the duet, in kW/K. 
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pf2jocLe^ 

electronic components are mounted on the inner sur 
face of a horizontal cylindrical duct whose inner diameter is 
0,2 m. as shown in Fig. P6.96. To prevent overheating of the 
elec Ironies, the cylinder is cooled by a stream ot air flowing 
through it and by convection from its outer surface, Air 
enters the duct at 25*C 1 bar and a velocity of 03 m/s and 
exits at 40°C with negligible changes in kinetic energy and 


C nnvccnori cooling on outer surface, 
hA = 3,4 W/K t surroundings al 25 fl C 



pressure Convective cooling occurs on the outer surface to 
the surroundings, which are at 25°C\ in accord with 
hA « 3.4 W/K, where li is the heat transfer coefficient and 
A is the surface area. The electronic components require 
0.20 kW of electric power. For a control volume enclosing 
the cylinder, determine at steady state (a) the mass flow rate 
of the air, in kg/s* (b) the temperature on the outer surface 
of the duct, in °C, and (e) the rate of entropy production, in 
W/K* Assume the ideal gas model for air. 
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Problem 6-96 continued 


d?cy = (-0.2 k'i - ~|jr 

— _ 0 . O 3i^ fc W =-S+W 

In vo tPi'n ^ ^ • 3 j fO Cv b A — ?. q >t J ~!j — ^ ^S~K. 

5 %- j- Q .^ -fT> = soar -*» a - 

^ 3 4-wj^ 


CO 


(Mass Cn fwj^j ra.t-e 6*.lAM(ri ris*ivee Jv /'e^.e/ / 


o~ 

Tb 

-+■ ** ( 

d^-v -- “ 

<32 t v 

~Tb 




y? 


^ ui (s“(T t )-5 0 (-n)- 


Cp 3 = p.) 


- - t JL H^O_ ^ tf . a i.M^7Wt-./.^n)t3 |e J}g||g s 


logt- 

O t ^"3 


je^lllW 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












FRx»6Lem 6. <?f 

, Air enters a turbine operating al steady state at 500 kPa, 
860 K and exits aL 100 kPa. A temperature sensor indicates 
that the exit air temperature is 460 K. Stray heat transfer 
and kinebe and potential energy effects are negligibly and 
the air can be modeled as an ideal gas. Determine if the exit 
temperature reading can be correct. It yes, determine the 
power developed by the turbine for an expansion between 
these stales* in kJ per kg of air flowing. If no, provide an 
explanation with supporting calculation* 
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P&oBLen <i.^ 


Figure P6.98 provides steady-stale lost data for a control 
volume in which two entering streams of air mixed to form 
a single exiting stream. Stray heat transfer am! kinetic and 
potential energy effects are negligible, A hard-to-read pho¬ 
tocopy of the data sheet indicates that the pressure of the 
exiting stream is either l i) MPa or I S MPa, Assuming the 
ideal gas model for air with C {y = E02 kJ/kg * K. determine if 
either or both of these pressure values can be correct. 
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Problem 6-102 continued 


mdot = 1 // Ib/s 
T1 = 700 // °F 
pi = 550 // lbf/in. 2 
p2 = 14.7 
*2 - 0.8906 

Wdot = mdot * (hi - h2) 
sigmadot = mdot * (s2 - si) 

hi = h_PT("Water/Steam", pi, Ti) 
si = s_PT("Water/Steam’', pi. TI) 
h2 = hsat_Px("Water/Steam", p2, x2) 
s2 = ssat_Px("Water/Steam", P 2 x2) 


IT Results for x ? =j1 

hi = 1353 Btu/lb 
h 2 = 1150 Btu/lb 
Si= 1.599 Btu/lb-°R 
s 2 = 1.756 Btu/lb-°R 

= 203.2 Btu/s 
cr cv = 0.1579 Btu/s-°R 


IT Results for x ? = 0.8906 

hi = 1353 Btu/lb 
h 2 - 1044 Btu/lb 
Si= 1.599 Btu/lb-°R 
s 2 = 1.598 Btu/lb °R 

W cv = 309,3 Btu/s 
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Air at 500 kPa. 500 K and a mass How of 600 kg/h enters 
a Pipe passing overhead in a factory space. At the ^5 
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P&DBLEW 6-IO& 


Steam enters a turbine operating at steady stale at 6 
MPa, 60 £) 3 C with a mass flow rate of 125 kg'min and exits 
as sainted vapor at 20 k Pa, producing power at a rate of 
2 MW. Kinetic and potential energy effects can be ignored. 
Determine (a) the rate of heat transfer, in kW, for a control 
volume including I he turbine and its contents, and (b) the 
rate of entropy production, in kW/K # for an enlarged con 
troi volume that includes tin: turbine and enough of its sur¬ 
roundings that heat transfer occurs at the ambient temper¬ 
ature, 27 °C * 
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Saturated water vapor at 100 kPa enters a counierflow 
heat exchanger operating at steady state and exits at 20*C 
with a negligible change in pressure. Ambient air at 275 K. 

1 atm enters in a separate stream and exits at 290 K* 1 atnv 
The air mass flow rate is 170 times that of the water. The air 
can be modeled as an ideal gas with C p = 1.005 kJ/kg * K. 

Kinetic and potential energy effects can be ignored 

(a) For a control volume enclosing the heat exchanger* 
cvaluaie the rate of heat transfer* in kJ per kg of water 
flowing* 

(h) For an enlarged control volume that includes the heat 
exchanger and enough of its immediate surroundings 
that heat transfer from the control volume occurs at the 
ambient temperature, 275 K. determine the rate of 
entropy production, in kJ/K per kg of water flowing. 
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reo/ster* q>jii 

figure Pti.lll shows data for a portion of the ducting 
m a ventilation system operating at steady stale. The ducts 
are well insulated and the pressure is very nearly 1 arm 
throughout, Assuming the ideal gas modd for air with 
c p - 0.24 Biu/lb - fl k T and ignoring kinetic and potential 
energy effects, determine fa) the temperature of the air at 
the exit, m V F, (h) the exit diameter, in ft, and (c) the rate 
of entropy production within the dnrf, m Btu/min * *R. 
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Problem 6-111 continued 
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Air flows through an insulated circular duct having a 
diameter of 2 cm. Steady-state pressure and temperature 
data obtained by measurements at two locations, denoted as 
1 and 2 y are given in the accompanying table. Modeling air 
as an ideal gas with c p _ 1.005 kJ/kg ■ K, determine (a) the 
direction of the flow, (b) the velocity of the air, in mi/s, at 
each of the two locations, and (c) the mass flow rate of the 
air, in kgfa 
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Problem 6-114 continued 


Oa ) Rs. A-u ci> J WN.it i I A <i C ia -W*u iC*>- t-c k ^ ^ ^ p j -fa} ^ Com-jm^ iioi^ 

&* A m f t wj E. ^ ■ k - 2-0 ^ 

«c* 

S ^C S^CTiJ-S^tT^-*- 1 -* P *to J 


/ 230 V 

1 ^ 

l-^l 

l 1c, J. 


1 'Msl 


<J> 


- O.Ollfc K*V. -<i- 

K 

(wWtr* S° V»kc.S art fr *■'■'»- "TV&Aj A -. 

Raiu*;A«j a.w*J bUo^e** -for t'-t*-* tvc^^r 

Si>£ * ^^LSj-*v 3 + ^tw[^s-S ft 3 

[ 


- ‘"Air (_ ?°Cta) — %°Ch) - R.t/~ ^ + 

{j^j i * "l""A ^ i ^ 


^cu> 


!T^ = [^ 0 .sK9^t.*S-?of- “>4- 0.4-01 (o.SJi'T- o.3t?*j]| , k3 / £ | 


s. 0 • Ci I SX £^_ 

K 


} HX 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





PM3LEM G -US 


Figure P6.115 shows several components in series, all 
operating at steady stale. Liquid water enters the boiler at 
60 bar. Steam exits the boiler at 60 bar, 540°C and under¬ 
goes a throttling process to 40 bar before entering the tur¬ 
bine. Steam expands adiabatically through the turbine to 5 
bar t 240°C s and then undergoes a throttling process to 1 bar 
before entering the condenser. Kinetic and potential energy 
effects can be ignored. 

(a) Locale each of the states 2-5 on a sketch of the T-s 
diagram. 

(b) Determine the power developed by the turbine, in kJ 
per kg of steam flowing. 

(c) For the valves and the turbine, evaluate the rate of 
entropy production, each in kJ/K per kg of steam flowing, 

(d) Using the result of pan (c), place the components in 
rank order, beginning with the component contributing 
the most to inefficient Operation of the overall system. 
Comment, 
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6nC 

Air as an idea] gas flows through the turbine and heal 
exchanger arrange me nt shown in Fig. P6 116. Steady stale 
data are given on the figure. Stray heat transfer and kinetic 
and potential energy effects can be ignored. Determine 

(a) temperature Tj, in K. 

(h) the power output of the second turbine, in kW 

(c) the rales of entropy production, each in kW/K, for the 
turbines and heat exchanger 

(d) Using the resuit of part (c), place the components in 
rank order, beginning with the component contributing 
most to inefficient operation of the overall system 
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Problem 6-116 continued 
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pjeo6Lem G. 


Figure P6.117 shows u simple vapor power plant oper¬ 
ating at steady state with water as the working fluid. Data 
a I key loca lions are given on the figure. The mass flow rate 
of the water circulating through the components is 109 kgA 
Stray heat transfer and kinetic and potential energy effects 
can be ignored. Determine 

(a) the mass flow rate of the cooling water, in kg/s. 

(b) the thermal efficiency. 

(c) the rates of entropy production, each in kW/K, for the 
turbine, condenser, and pump, 

(d) Using the results of part (c), place the components in 
rank order, beginning whth the component contributing 
most to inefficient operation of the overall system. 
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Problem 6-120 continued 


To tyeiA&Yut-e cieUta. 'for -ft« <c-u^u.wtd plo-fs, ooe use- / T) cu -£>^d*vs: 

IT Code 

p_i = 10 //bar 
Ti = 500 // K 
V = 10 // m a 

cp = cp_T(’'Air", Tt) 
cv = cv_T{"Air '. Ti) 
k = cp / cv 

T = k * Ti 

r = p / p_i 
r = 1 

v = v_TP{"Air",T,p) 
m = V/v 

sigma_cv = m * (cp * ln(T / Ti) - R * ln(p / p_i)) 

R = 8.314/28.97 


IT Results for p = 10 bar (r = 1 ) 

Cp= 1.029 kJ/kgK 
k= 1.387 
v = 0.199 m 3 /kg 
m = 50.26 kg 
T = 693.3 K 
a ev = 16,91 kJ/kg-K 
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FRo SL£M 6.1 ZZ_ 


- Air in a piston-cylinder assembly is compressed isen- Sc *1 4 ~Q/\TA 

tropically from state 1, where T l - 35°C, to state 2, where 
the specific volume is one-tenth of the specific volume at 
state I. Applying the ideal gas model with k — L4, deter¬ 
mine (a) Tj> in °C and (b) the work, in kJ/kg. 
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PR'S tfL e0-1 Ce>.iz3 

Alt in a pisLon-cylinder assembly is compressed isen- 
tropically from Tj = 6tt*F lP] = 20 lb£/in. 2 to p 2 = 2000 Ibf/inA 
Assuming the ideaE gas models determine the temperature 
at stale 2, in °R t using (a) data from Table A-22E, and (b) a 
constant specific heal ratio, k = 1.4. Compare the values 
obtained in parts (a) and (b) and com men L 
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p£o/3teiM G.12.4 

Propane undergoes an iscntropk expansion from an 
iniliit! state where T { = 40*C r p 1 = 1 MPa to a final state 
where the temperature and pressure arc T 2 ,p 2 , respectively. 
Determine 

(a) p 2 ,in kPa, when T 2 = -40°C 

(b) T 2l in r Q when p 2 = 0-8 MPa 
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'P)2seLeM C-i 

Argon in a piston-cylinder assembly is compressed 
isen tropically from state 1, where - 150 kPa, T { = 
to state 2, where p z = 300kPa, Assuming the idea! gas 
model with k — 1.67, determine (a) T 2 , in L? Q and (b) the 
work, in kJ per kg of argon. 

£ ■ /HoQgL : 

f* TKj Ws +1—». r ft n*. 

1 ■ T m proctfjp 

5, “T ^-9 G.f"J 0W £f ^HQ cfe }&tf CL* 4^ ^ LJ * -4c. 3 / * fc 7* 


SCHZfnrtT/c * £f w?as DATA: 


rn - 

I Arjo"! 

1 _ _ * 






p stSTK* 5 *- 
* * 

•T, •»!<■ «■ 


AioALrnr: 


* _ / ■. 01 _ V 

t‘f to.K^.t.43, Ti*T7(^) =(5off(c) (—) 


'■ttt 


= +*?K £/*+•*) 


C«1 


[hi iLic^Hj a, e-V^Av'jjj fefc/ftKU "£»■-H'J. SJ, 

&V--1- -tpf>r=- ££f-XjLr =^? "Oj"s - u- 7?). 

fro—e^. ?. 4?^ c v = k/6-0 * 

VJ J_ / T -T )_ A‘ aW — V 4,0 ^ ~ ***- ) fc 


- ^ 30 .? *2, 
*3 


CfO 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROgLtf M &.I2.& 

Air cnlere a turbine operating at steady state at 6 bar 
and 1100 K and expands isenlropically to a state where the 
temperature is 700 K, Employing the ideal gas model with 
data from table A-22, and ignoring kinetic and potential 

energy changes, determine the pressure at the exit, in bar, 
and the work, in kJ per kg of air flowing. 
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P&oSLEM 6 . 12S 


„ Air in a piston-cylinder assembly is com pressed i sen- 
tropical ly from an initial state where 7"i — 340 K to a final 
state where the pressure is 90% greater than at state 1- 
Assuming the ideal gits model, determine (a) T 2 . in K. and 
(b) the work, in ki/kg, 
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PROBLEM &■/ 27 
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PP&8LEM 6- f 30 


Air modeled as an ideal gas enters a turbine operating at 
steady state at 1040 K, 278 kFa and exits at 120 kPa.The mass 
flow rate is 5.5 kg/s, and the power developed is 1120 kW. Stray 
heat transfer and kinetic and potential energy effects are neg¬ 
ligible. Determine (a) the temperature of the air at the turbine 
exit, in K. and (b) the isentropic turbine efficiency. 
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PROBLEM 6-13/ 

Water vapor at lOOOT, 140 \b& in/ 2 enters a turbine 
operating at steady stale and expands to 2 Ibl/inA The mass 
flow rate is 4 1b/s and the power developed is 1600 Btu/$. 
Stray heat transfer and kinetic and potential energy effects 
are negligible. Determine the isentropic turbine efficiency. 
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'P£eT3LeM G. 13 2- 

Water vapor at 6 MI'a, 6U0 U C enters a turbine operat¬ 
ing at steady slate and expands to 10 kPa. The mass flow 
rate is 2 kg/s. and the power developed is 2626 kW. Stray heat 
transfer and kinetic and potential energy effects are negligi¬ 
ble* Determine (a) the isen tropic turbine efficiency and (b) the 
rate of entropy produet ion within the turbine, in kW'K. 
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PZoftLeM &-133 


Water vapor at 800lbf/in. 2 , 1000T enters a turbine 
operating at steady state and expands to 2 Jhf/irr. Hie mass 
flow rate is 5.56 Ib/s, and the isentropic turbine efficiency is 
92%. Stray heat transfer and kinetic and potential energy 
effects are negligible. Determine the power developed by 
the turbine, in hp, 
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PROBLEM &.r 34 

Air enicoi the compressor of a gas turbine power plant 
operating at steady state at 290 K, 100 kPa and exits at 
420 K } 330 kPa. Stray heal transfer and kinetic and poten¬ 
tial energy effects are negligible. I Ising the ideal gas model 
for air* determine the tsentropie compressor efficiency, 
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PEoSLfM IS $ 

Air at 25°C, 100 kPa enters a compressor operating at 
steady state and exits at 260°C> 650 kPa. Stray heal transfer 
and kinetic and potential energy effects are negligible. Mod¬ 
eling air as an ideal gas with k = 1.4, determine the isen- 
tropic compressor efficiency. 
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PRoffLIrM 6.140 

, Helium gas at 8lff R. 45 Ibf/in. 2 and a velocity of 10 ft/s 
enters an insulated nozzle operating at steady state and exits 
at 670 HJ R» 25 Ibf/inA Modeling helium as an ideal gas with 
k - 1.67, determine (a) the velocity at the nozzle exit, in fi/s, 
(b) the i sen tropic nozzle efficiency, and (c) the rale of 
entropy production within the nozzle, in Blu/°R per lb of 
helium flowing. 
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, Air modeled as an ideal gas enters a one-inlet, one-exit 
control volume operating at steady state at 100 Ibf/in.", 
900°R and expands adiabatkally to 25 Ibf/in. 2 Kinetic and 
potential energy effects are negligible. Determine the rate of 
entropy production, in BtuAR per lb of air flowing, 

(a) if the control volume encloses a turbine having an isen- 
tropic turbine efficiency of 89,1%, 

(b) it the control volume encloses a throttling valve, 
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£-14-3 


Figure P6.143 provides the schematic of a heat pump 
using Refrigerant 134a as the working fluid, together with 
steady-state data at key points, line mass flow rate of the 
refrigerant is 7 kg/min, and the power input to the compres¬ 
sor is 5,17 kW. (a) Determine the coefficient of performance 
for the heat pump, (b) if the valve were replaced by a tur¬ 
bine, power coalii be produced, reducing thereby the power 
requirement of the heat pump system. Would you recom¬ 
mend this power-saving measure? Explain. 
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PROBLEM a. 14-5" 


As shown in Fig, F6.145, air enters the diffuser oi a jcl 
engine at 18 kPa, 216 K with a velocity of 265 m/s, all data 
corresponding to high-allilude flight. The air flows adiabati- 
cally through Lhe diffuser, decelerating to a velocity of 50 m/s 
at the diffuser exit. Assume steady-state operation, the ideal 
gas model for air, and negligible potential energy effects. 

(a) Determine the temperature of the air at the exit of the 
diffuser, in K. 

(b) If the air would undergo an isentropic process as it flows 
through the diffuser, determine Lhe pressure of the air 
at the diffuser exit, in kPa. 

(c) If friction were present, would the pressure of the air at 
the diffuser exit be greater than, less than, or equal to the 
value found in part (b)? Explain. 
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P/MlGM. <S. / 4 (s 


, As shown in Fig. P6.146„ a steam turbine having an isen- 
tropic turbine efficiency of 90% drives an air compressor 
having an isenlropie compressor efficiency of 85%, Steady- 
state operating data are provided on the figure, Assume the 
ideal gas model for air, and ignore stray heat transfer and 
kinetic and potential energy effects, 

(a) Determine the mass flow rate of the steam entering the 
turbine, in kg of steam per kg of air exiting the com¬ 
pressor. 

(b) Repeal part (a) if ^ = 100% 
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■■ ^'& urc P6-147 shows a power system operating at steady 
State consisting of three components in scries: an air com¬ 
pressor having an isentropic compressor efficiency of 80% t 
a heat exchanger, and a turbine having an isentropic turbine 
efficiency of 90%. Air enters the compressor at 1 bar, 300K 
with a mass flow rate of 5.8 kg/s and exits at a pressure of 
10 bar. Air enters the turbine at 10 bar, 1400 K and exits at 
>t pressure of 1 bar. Air can be modeled as an ideal gas. Stray 
heat transfer and kinetic and potential energy effects are 
negligible. Determine, in kW, (a) the power required by the 
compressor, (b) the power developed by the turbine, and (c) 
the net power output of the overall power system. 
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6M Gs,/S4- 


An air compressor operates at steady stale with air 
entering at />j “15 Ibf/in. 2 * = 60° F. The air undergoes a 
poly tropic process, and exits at p 2 = 75 lbf/tn? f T 2 = 294°F> 
(a) Evaluate the work and heat transfer, each in Btu per lb 
of air flowing, (b) Sketch the process on p-v and T~$ 
diagrams and associate areas On the diagrams with work and 
heat transfer, respectively. Assume the ideal gas model for air 
and neglect changes in kinetic and potential energy. 

T>ATA : 


g^CJC. MQPgl.’ 

f. c fvo/ t/e i'*v 




2 * 7“K» r- Lr dLtr*^ c * ^ 

\t ** ^ C* kc M*\ ^ 4 

2 ■ £Vii t^K'c. onj rfo * * ***37 

^ ik «< j Ir^ fed. 

-4^ d e /e*^ 

as vdfiJ j-u- 


CO 



ot’0/l7 

AwalYsjs; W:-tK Eg. 3. SC ; 3. ^ 

£ a) t*** i <*■*S"1 '*>- 






t5? , _v, h= ,.j 

Or^+A-y ” J 


-J3£.fr,-7.; 

^ C**0 ^ 7 


- -^L - - ‘* f £- 


ft* A* «»w.^ foaX».t* tc_ j O — C51 v - U/cv ■+■ C Ui - J 

■=} CSw - UJc * Xu-'fl^-U,) 

Q — U/«.y _+ (_ Jv v - ^it } 

u i* 

- -LT-rQJs: + ({9B.L3 -114.27) Wsr- 

ii ' !*• 

- - IZ14- IS ^~/l6 

U/Wfc»,t Ort A V] ^ CLAJ T"'*** Tkfcilf /l-22(r. 


> 


1*1 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


















problem C.iss~~ 


An air compressor operates at steady stale with air 
entering at pj - 1 bar, T } = 17°C and exiting at p 2 - $ bar. 
The air undergoes a poly tropic process for which the com¬ 
pressor work input is 162,2 kJ per kg of air flowing. Deter¬ 
mine (a) the temperature of the air at the compressor exit, 
in °C P and (b) the heat transfer, in kJ per kg of air flowing, 
(c) Sketch the process on p-v and T-s diagrams and associ¬ 
ate areas on ihc diagrams with work and heat transfer, 
respectively. Assume the ideal gas mode! for air and neglect 
changes in kinetic and potential energy, 

CD 1 v** 


| Vcv 5 £3 

1 ^ *3 



Wcv 


ipj- SW 


C^6<e. AtcOSLj 

l< TV-* tonfruf /aUmf j U*u4tt iv* 

Z* Tki i ■ n a t j a. 

ip £ py*- <&\$ 

3. hX d p 0 

Ca**. iK piej/^tK^- 

^„ 7”Aj a ' r ** ***♦<£* **,*» ?<*X. 


p ir n i ^ 




A u AL.YSW; as. 


*5 e l‘ 


6. $3“b 


(o) tu.-t-w «L^,-J.it., 


ty? 


■£} * = *•-? 


e-5/4,1 


Tl s ^ (. "K") “ 3*10 - 4-*e>. 4*fc. ^ 


-■aa? -*“g * 


c*? 


(tej fU «u» A*3c ^*-<4***^ 


CP Cv 1 


- 'Afy +CH v - l ',J 


~it>Z-lt2. ■+ 

1=3 

O-C 1 ^ 

J 


0,) 


h, Kj_ 


-f-^vw / A ** "Lt 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PEcBLE M 

is. /o co'f\j : 


(D CfHkL ■ 


/ 5% 

st***^y xf-v+Cy Cj co^f rf ^ f J a(Jj Ti 

5MPo^ fva^ -V^ i K 0-/>MA^ 

(i^I^ l 4 *'jr pt. 1 j i ^ T>^o p < c^ ! f y tc* Z M P#^ 

?£a P ^ ^ l^r u * *{ 5 f~t\ J"£, 4 t - Q r i M ^ 

Co^nfc^t -f *"j U; or t r* ? ^ ^ tlK 


*S C Ht M A'Tl C iA_ r</? ^ 1)A7 4 



^ t* (/* f <1 

<A 1 

A *° A C YS ii ' /<! e cvV j a** d &*\#r--^y irt^f^ t AUi^f f<< 

3 W -h, 


Erfs^ ff r>10 D 6 L * CO ~z*\ e&cK C&.S<J &- <L(H *y ^t> ! i^uvi e 

I ^ u ViAt* V* tOH C2.^ e e±c C 0*1 tv Q t ^ Q c v - Oy 

£ t Ve He /pz>te^f)^i Are i^ej/^< 6 /tj c^d ,s 

S 4 +e ^a <-} s 


C&^fAltos ' : Frc^ -F^e A-4 “ 2.<*7a\r ^3 /^g. s, - ^as** £ Q /<5 t . 5i*t* s* -*i,> 

U^ - S^% 71 ^<5- T^i 

-w<^ ^sTfcli- i^r-r s Be I.zt k 4l * ---— 

—- - ^o 

v. 

p^p-. rVo w TVfeK A~\ ti, - An.^ah/fb / S', - ijcH, cd/kj-K , ' nh *‘V 

,n Kv i" 1 7n fcj<. rt- 1" C dtabf « In f *<'/*-v l*f'ii"] J .4*1 *^*3 

Y^AA. V 

__ ^j.^i *4)7- Jl3 —— -—» 

-- * fG-S 


Co 


l l7V-| | 1 



/ P^*»p ' N \^ I O O ■- 

V Cci~p>~‘« UY ' L ‘ ,t '*' |C J 


(3.o;Q(j oC) l 

«/ ^1 


0.34^ -* 


J - Zipr t:;r..r^' 5 Y:;: r.„.^ 

^ 4*_ <f Ran e anti ^r»-y A>>1 pou-er cycles. 4 <£Oj &** +^- 

cUswifi *« •'j U, Spc. C - ( 5 • 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

























6-/5 7 


A pump operating at steady state receives saturated liq¬ 
uid water at 5(TC with a mass How rate of 20 kg/s. The pres¬ 
sure of the water at the pump exit is 1 MPa. If the pump 
operates with negligible internal irreversibilities and negligi¬ 
ble changes in kinetic and potential energy, determine the 
power required in kW, 
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A pump operating al steady suite receives liquid water 
at 20 °C, HX) kPa with a mass flow rate of 53 kg/m in. The 
pressure of the water at the pump exit is 5 MPa, ihe isen- 
tropic pump efficiency is 70%. Stray heat transfer and 
changes in kinetic and potential energy are negligible- Deter¬ 
mine the power required by the pump, in kW. 
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A pump operating ai steady slate receives liquid water 
at 50 n C f 1.5 MPa. live pressure of the water at the pump exit 
is 15 MPa. The magnilude of the work required by the pump 
is 18 kJ per kg of water flowing. Stray heat transfer and 
changes in kinetic and potential energy are negligible. Deter¬ 
mine the isen tropic pump ef ficiency. 
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PR.OBLErv'l t.J&f 

Nitrogen (NJ enters a nozdc operating al steady state 
at 0.2 MPa, 550K with a velocity of L m/s and undergoes a 
poly tropic expansion with n ■ 1.3 to 0,15 MPa. Using the 
ideal gas model with k - 1 . 4 , and ignoring potential energy 
effects, determine (a) the exit velocity, in m/& and (b) the rate 
of heal transfer, in kJ per kg of gas flowing. 
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Carbon monoxide cnlds a nozzle operating at steady 
stale at 5 bar, 200°C with a velocity of 1 m/s and undergoes 
a polytropic expansion lo i bar and an exit velocity of 630 
m/s. Using the ideal gas model and ignoring potential energy 
effects, determine 

(a) Ihc exit temperature, in *C. 

(b) the rate of heal transfer, in kJ per kg of gas flowing. 
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PROBLEM T. j 


By inspection of KlJ. P7 1 jiving a T-v diojiom for v.,Hci, 
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Ihe same rn (a) Process 1-2, (b) Process 3-4. (c) Process 5-6 
Explain. 
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PROBLEM ?■? 


When miitlcr flows utr osa tlic boundary of a control vgj- 
uiric.aa energy transfer by work, called /Tow H'crk occure. 

Ttie rate (3 rr\(pu) where fl'a, p, and v denoLc the mass flow 
ratL‘, pressure, and specific vcltimc, respectively, aJ the mutter 
Crossing (he boundary (see Sec 4.42). Show that the energy 
transfer ncwtnpanying flow work is jriven b>' til ipv-p^ 
where p» is (he pressure at the dead slate. 

AUftL^L^: T^-L ©bjrch're ^ *■ e r j . * n : 


time raLe nf eaergy Eninst'er 
accompanying flow work 
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Let us deveLop Hq.£i^ Jtr*h*■' rt * **■ ^ y ^ ■ The figurc shows a clLined 
system Thai occupies different regions at lime j and a Later time t + if. The Hied 
quantity of uLutier under consjdcraiLtm in shown During the time interval 

-if, some of the initially within the region labeled control volume exits lq fill 
(he small region f adjacent to die control volume,. as shown in h fV^,<fcl, We assume 
that. the increase in (he volume of the closed system in the time interval Aj i* equal 
to the volume of region e and, for further simplicity, Chat the -only wort is associ¬ 
ated WL(Jl ItlLs volume change. With Eq. the CXCfgy transfer acuompaiLviilg 

work is 


energy transfer 1 _ 
.accompanying work] 
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where AV is the volume change of the system. The volume change of the system equals 
the volume of region e. Thus, we may write A l' = where m„ is the mass within 

region e and El, is the sipeclflc volume, which Ls regarded as uniform UuuugJnju.1 
region r. With this expression for AU Eq- becomes 


T ex^tr^r l 
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Equation f 3) - can be. placed on a time rate basis by dividing each term by the lime 
interval Ai anu taking [Lie Limit to if approacbcK zero. Thai is 
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it, the osfiumptina of uniform specific volume throughout region e cone- 
hc aisumetion of uiutbnn specific volume across the exit (ont-dimeojiMel 
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In (he limit as Aj approaches jrenx ihc boundaries of the closed system and control vol¬ 
ume coincide. Accordingly, in this limit the rare of energy transfer by work from the 
closed system is also the rate of energy transfer by work from the control volume. For 
the present case, LI.lLs is jus< Lite Jluw v^uik- Thus-, lLlc first tcjau on the right side of 
Eq. C4^ becomes 


where is the mass flow rate at the exit of the condo] volume. In the limit as Af ap¬ 
proaches Tern, the second term on the righl side of fcq, F4} becomes 


In thiH. limit, 

spend.* IO Lhc assumption of uilitorm specific 1 
fkiwj. 

Substituting Eqs f£) and ft) into Eq W £fve& 

: rate of exergy transfer] 
accompanying flow work J 

= 

Extending the reasoning given here, it can he shown rhaL an expression having the 
same form as Eq.< ?) i accounts for the titter of exergy iccompanyiug flow work at 
inlets hi control volumes as well The general result applying at both inlets and exit* 
i* given by Eq. (J). 
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PE.06L6K ?■ % 

When mailer flows across live boundar) of a control vol ume, 
an exergy transfer accompanying mass flow occur*. which ls 
* ivcn hy rfc, wheic o is th< specific c * ftr £J 7,2) and *h iv 
die mass flow rate. An exergy transfer accompanying flow 
work, which is given by the result of Problem 7,7. also occurs 
at the boundary. Show lhal Ihe sum of these exergy transfeis 
is given hv rr*,. where me r is the specific flow exergy (t£i|.7.14). 


MrAuTSfS: 


yiieii mass enters or exits a control volume, there is an accompanying energy transfer 
given by 

^vp«Cifr<- ***"9/ 


[time raie of exergy transfer"! _ 

*J 


accompanying mass flow 


Ke tpW-Vc «««*/ 

= th[(e “ uq) + - ^o) ~ “ J o)] 


^ere. £V*a far *»«* filler V * — c ^ 

ewer^y: e - u 4 vVi * 3 *-- In addition to an exergy transfer accompanying 

ma^ flow, an exergy transfer accompanying flow work lakes place at locations where mass 
enters or exits a control volume Transfers of exergy accompanying flow work are aevoymed 

for by ^ Pr*W >€^7 ? 

Since transfers of exergv accompanying mass flow and flow work occur at locations w here 
mass enters or exits a control volume, a single expression giving ihc sum of these effects is 


convenient. Tims. 


time late of exergy transfer 
[accompanying mass flow and flow work 


= m e + (pV - P#)I 
- #n[ (e - a„) + p4p ~ Pq) ~ Tf^s ~ Jp) 
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The underlined lenns in Uq. (1) represent. per unit of mass, die exergv tnimfer accom¬ 
panying mass flow and flow work, respectively. Ihc sum identified by underlining is the spe- 
cifit flow exergy e,. That is 

<s> 


e, = (<• - «„) + />cO - w.) - Us - .r 0 ) + (l>v ~ P,P) 


The specific flow exergy can be placed in a more convenient form for calculation by intro¬ 
ducing c = « + V-/2 + $z in lit] 13) and simplifying to obtain 


0 , — + j ;z — u r ,J + (pv — PePn) US Jo) 

V 2 
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= (« a- ;»ij) — (itj + p^u <>) — Tij^s Ja) + 2 ^ 
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Finallyv xviiii h - u ^ pv and A* = % + p«v ( „ Eq. M) 3 ^ vex UTci^ 
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Although the specific exergv cannot be negative, the specific flow exergy can take an 
£52?«EIS« the local pressure is less than the pressure at the M ^ie: pep 
In such cases, the net transfer of exergy where matter crosses the boundary is opposite o 

the direction of mass flow. 
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Continued on next slide 


T*ws 

a K 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 







Problem 7-9 continued 


Flors : 


k = 1,2 



k = 1.3 
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yaoe>teM 7.11 


joooujtj : A f'jite.M <u7ytsis)’* c£ -5 ^ ®-f lo«A«y- «1 lo*t t il»<vr. llut « 
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PROBLEM 712- 
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PROBLEM 713 
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PROBLEM 7/4- 


<4 specified sfrxles Are defined. 

FtMa ■ .Ix'/'etrmiMe -Hie specific energy -|pr i /(> •£ sack jc^bsWwe. 
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P Zo&l&H l-l(o 


\ A verse/ unAfaiiis curlt&ncLtexi'de- Ct&i ). 
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/rcode 


T = 200 // °F 
p - 90 // Ibf/in 2 
To = 80 // *F 
po = 15 H lbf/in. a 


e = (u - uo) + (po * (144 / 778)) * (v - vo) - (To + 460) # (s * so) 

u = u_T("C02\ T) 

uo = uJTCCOr, To) 

v = v_TPfC02 1 M T p) 

vo - v TPr , C02 , Mo 1 po) 

s = s TP("COr, T. p) 

so = s_TPfC02 u ( To, po) 


IT Result for p = 90 Ibf/in A T = 200 Q F 
® e = 21 32 Btu/lb 


Continued on next slide 
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Problem 7-16 continued 
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PROCaBM 7 .ir 

iAJQtD.M : Av/isel ceru-feuus t*icuun tfiMsaii/ ttfaur af jxtraure. p umJ 2oo*f. 
Fimd : p/of FUii specrfTo exevjy ve-nus p ravvpn^ -froAi o.S To 2.afiw 
SCUStogn^ I klil£LL VM& -. 


J \ T = 20O°F 
• O.S^piZafrvi 
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, 7; = fco*F 

_i 


gjjfcff./nopgL: fl) Tl*a air Lf a cfcizJ 

«+ rf*+ aW ir. ^ra e(ev«.-t'u>»\ *|o 

■fW va.(*Te\AC«t c.A\jiv 0/Mrv\euU: u>VCicU us ad 
p,- < a-lwi. (2) The CtiV* « 
ox ftn t cJtia,l y«.s. 

ANAl/ystS - - c^uAk'o^ 71 ce<*MEe S -Vo <3?-C u *^o) Tf 0 (lJ ' L k'' -7i( s -s») 

5CjK-Cu l ftTtO A) ■, Tlt\s C 0 -(cu(a.-Uw\ io)(( te fiffne ttsn*y oja.r -/title daM. ■ 

7WPUj k-l<. = itcr) - ucr.) i s-s» = it tJ -sVr*) - £ Cu ?/r 0 . 71u <4e*-/ <f*r 


CO 
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p R/^-X . 7^ W A ^ pABfa 6K Wfa6o°£ 5~2 o"£ \ 
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Usiiij rr -k> Q&HeroA^ -ftetAxt*. re&tuVei#, eva^t«t,t«ms ave. lo«u^J ov* fig'.di) 
ofaotfe /Vt-feriW (T 4a*tcfwr*.S a, IFaW 5, as Jbllovos: 

IT Code 

T = 200 U ‘F 
p - 0.5 II atm 
To = 60 II *F 
po = 1 II atm 

e = (u - uo) + po * (v - vo) * (14.696*144/778) - (To + 460) * (s - so) 
u = u_T("Air", T) 
uo = u TfAir, To) 
v = v_TP(”Ait'’,T.p) 
vo = v TP{”Air.To.po) 
s = s_TP("Air, T. p) 
so = s_TP('’Air". To. po) 


/T Result for p = 0,5 atm. T = 200°F 

(7) e = 24.37 Btu/lb 

/. Tbe IT result- b <Vi close 

toiHn tta sample uJcufej-jM. lo&ced 
T&bhe A-ll as eKpecfe^. 
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P (2e?ffLeM 7 22- 


Refrigerant 134a vapor initially at 3 bar and 20°C fills a 
rigid vessel. The vapor is cooled until the temperature 
becomes -32^C There is no work during the process, bar 
the refrigerant determine the heal transfer per unit mass 
and the change m specific exergy, each in kJ/kg. Comment. 
Lei T* = 20 *C/> ( , = OJ MPa and ignore the effects of 
motion and gravity. 
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PSO&UsM 7-24 
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P£e>ELEAi 7 2-9 


As shown in 1%. ¥729, l.U kg ol Refrigerant 134a is 
contained in a rigid, insulated vessel. I he refrigerant is int 
(iiillv Sciiui died Yiijfui at ■'2S n C The vessel is filled with a 
paddle wheel from which a mass is suspended. As the mass 
descends a certain distance, the refrigerant is stirred until 
ir attain* a final equilibrium stale ai a pressure of 1.4 bar. 
The only significant changes in state are experienced 
by Hie refrigerant and the suspended mass. Determine, 
in kJ. 

(a) ihc change in exergy of the refrigerant. 

(b) ihc change in energy of the suspended mass, 

(c) the change in energy of an isolated system of Ihc vessel 
and pulley mass assembly. 

(d) the destruction of entergy within the isolated system. 
Lei n = 293 K[20T). p* = 1 bar. 


I 


IsvCjicO system 
QmWrnQ 



f^29,lK,^ = 


L 


. rmnJly 






gjoCpft. rvtoDEL: 





1. As shown in the sdic malic, three systems arc under consideration: the refrigerant. ibe suspended mass, and an i-dmed sys 
rem consisting of the vessel and pulkynmass assembly, Fur the isolated system Q = 0, W - 0. 

2. The only tigmfiwt changes of state are experienced by the refrigerant and the suspended mass. For rise refrigerant, them 
is no change in kinetic or putcniia] energy. Fur the suspended mas*, there is no change in kinetic or internal energy Elevation 
is Ihc only intensive pcopvny of the suspended mass that change*. 

V For ihc environment!. '/* - 293 K (20X1, Pg = l bar. 


Ana/jsri; 


(iij The initial aid final energies of ihc refrigerant can be evaluated using Eq 7-2 . From assumption 2, u follows that for the 
refrigerant there are no significant effects of motion or gravity, and dm the cxer^y al Ihe initial slate i* 

Ei - mallei ** ut5 + - u a ) “ T^j, - j d }1 


The initial and final staler of ihc rdrigcr,iru arc shown on die accompanying T-v diagram. From Table A-10. n e - h/ 2S l, C) 
2U 29 ki/kg- v t = ^-2TC) - 0.2052 mVkg, s, = = 0.9411 Uftg ■ K. I™ Table A 12 at l bar, 2iTC T i*> - 

24667 U/kg. o 0 - 0.23M9 m’/kg. s fl - I 0$29 Urtg K. Then 


E, = l.U kg^(211.29 - 246.67) 


- (uP-~) 

kg k mv 


(0.2052 - 0.23349) r- -v 


I U 


k £ 110'N mj 


293 K (0.9411 - 1.0629)- 


kt K 


= | 11l£g[(-35.36) + (-2.S3) 4 (41.55)]“ = 3.7 U 

The final state of the refrigerant ts fixed by p 2 = IA bar aid V 1 = ti„, Lnieqinhiion m labk A-12 gives h z » 300,16 U/kg. 
ij - l .2369 U/kg ■ K. Then 

0 Ej — 1,11 kg((53 + 49> + (-24*3) + (-45-12)] ~ - 6.L kJ 


For the refrigerant, the change in cxergy is 

© (iEW... “ Ej - Ei ~ 6.1 U - 3.7 O - 2.4 U 

I hc cKfgv of the itinerant increases as it is stirred. 


( 0 .) 


Continued on next slide 
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Problem 7-29 continued 


(b) With assumption 2, Hq.7>3 reduces to give the exergy change for the suspended mass 

(AE) ra „„ = uwA p r yf- >k£ + APEW 

- (APEW* 

Thus, the exergy change for the suspended mass equals its change in potential energy. 

© The change in potential energy of the suspended mass is obtained from an energy balance for the isolated system as fol¬ 
lows: The change in energy of the isolated system is die sum of the energy changes of the refrigerant and suspended mass. 
There is no heat transfer or work, and with assumption 2 we have 

(AKg + Ap/+ \U) KititmK + OKff l APE + ?*6) nm = 4 - V 
Solving for (APE),^ and using previously determined values for the specific internal energy of the refrigerant 

(APE)„„ = —(AifU^ 

= -(I II kg)(300.l6 - 2U.29)[j^J 
= -98.6 kJ 

Cb) 

Collecting results, (AE) n ^ = -98,6 kJ. The exergy of the mass decreases because it* elevation decreases. ^ 

<c> The change in cxeigy of the isolated system is the sum of the exergy changes of die refrigerant and suspended mass. With 
the results of parts (a) and fb) 


= {2.4 U) Y [“98.6 kJ) 

= -96.2 kJ 

The cxergy of the isolated system decreases. Wi-H*. 7-9, Qzi) iui~ *^*'£*-3 , 
To summarize 



Energy Change Exergy Change 

Refrigerant +98,6 kJ + 24 kJ 

Suspended mass -98.6 kJ —98,6 kJ 

Isolated system 0.0 kJ -96.2 kJ 


For the isolated system there is no net change in energy, The increase in the internal energy of die refrigerant equals the 
decrease in potential energy of the suspended mass. However, the increase in cxergy of the refrigerant is much less than the 
decrease in cxergy of the mass. For the isolated system, exergy decreases because stirring destroys exergy. 


© Excrgy is a measure of the departure of the state of the system from that of the environment. At all stales. E ^ 0. T his ap 
plies when T > and p > p a< as at slate 2, and when T < 7 0 and p < p as at state I. 

© The excrgy change of the refrigcmrU h** fMerminril mnip simply with Fq 7^3 which requires dead suite property 
values only for T 0 and p 0 . With the approach used in part (a), values for v& and % are also required. 

© The change in potential energy of the suspended mass, (dPE)^,, cannot be determined from Eq, 2.10 (Sec. 2.1) since the 
mass and change in elevation are unknown. Moreover, for the suspended mass as the system, (APE) ffklsi cannot be obtained 
from an energy balance without first evaluating the work. Thus, we resort here to an energy balance for the isolated system, 
w hich does not require such information. 
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fRo'BLEM 7-30 


Sci+$/yirtTtc 1 Cifg'As Z> 7^9; 



- A rigid, imulaicd tank contains 0,6 kg of air, initially at 
200 kPa, 2£fC, The ait is stirred by a paddle whet] until 
its picture is 250 fcPa. Using the ideal gas nindtl with 
c, = 0.72 kJ/kg - K t determine, in kJ> (a) the work, (b) the 
change in exergy of the air, and (t) the amount of exergy 
destroyed. Ignore the effects of motion and gravity, and let 
1 ]i = 20°C, p 0 = lOOkPa. 
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As shown in Fig, P7,3l ( two [b of ammonia is contained 
in a well-insulated piston-cylinder assembly fitted with an 
electrical resistor of negligible mass. The ammonia is initially 
at 20 Jbf/in* and a quality of 80%. The resistor is activated 
until the volume of the ammonia increases by 25%. while its 
pressure varies negligibly. Determine, in Btu r 

(a) the amount of energy transfer hy electrical work and the 
accompanying exergy transfer. 

(b} the amount of energy transfer by work to the piston and 
the accompanying exergy transfer. 

(c) the change in exergy of the ammonia, 

(d) the amount of exergy destruction. 

Ignore [he effects of motion and gravity and let T u = bO c F t 
pn = I atm. 
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Problem 7-31 continued 
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, Figure l'737 provides steady-state data for a compos¬ 
ite of a hot plate and two solid layers* Perform a full 
energy accounting, m kW* of the electrical power provided 
to the composite* including the exergy transfer accompa¬ 
nying heat transfer from the composite and the destruc¬ 
tion of energy in the hot plate and each of the two layers. 
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Figure P7.39 provides steady-state data for the outer 
wall of a dwelling on a duy when the indoor temperature is 
maintained at 20°C and the outdoor temperature is 0°C. The 
heat transfer rate through the wall is 1100\V t Determine, in 
W, the rate of exergy destruction (a) within the wall, and 
(h) within the enlarged system shown cm the figure by the 
dashed line. Comment, Let TV = 0*C. 
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LEM 7- 4-0 

A gearbox operating at stead}, 1 state receives 2 hp along 
the input shaft and delivers 1,89 Up along the output shaft. 

The outer surface of the gearbox is at 1 HPF. For the gear¬ 
box. (a) determine, in Uiu/s, the rale of heat transfer and 
(b) perform a full exergy accounting. in Btu/s. of the input 
power, Lei 71, - 70°F. 
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P<27-4-2, 

At steady Mate, an electric motor develops power along 
ils nutpul shaft of 0.5 lip while drawing 4 amps at 120 V. Hie 

outer surface ot the motor is at 12QTV, Fuj the motor, 
(a) determine, in lUu/h, the rate of heat transfer and (b) per¬ 
form a full exergy accounting, in Btu/h, of the electrical 
puwer input, Let T u = 
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PfcosLErv\ j. 43 

For the curling iron of Problem 6.55. perform a full 
exergy accounting, m litu/luof the electrical power supplied. 

Let T y{ = 7iFF, 
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P/2og WfY\ 7 44 

As shown in Pig. P7.44 T a silicon chip measuring 5 mm 
on a side ami l mm in thickness is emhedded in a ceramic 
substrate, At steady state, the chip has an electrical power 
input of 0,225 W. The top surface of the chip is exposed to 
a coolant whose temperature is 20°C. The heal transfer coef¬ 
ficient for convection between the chip and the coolant is 
ISO W/m 2 ■ K. Heal transfer by conduction between the chip 
and the substrate is negligible, Determine (a) the surface 
temperature of the chip, in and (b) the rate of exergy 
destruction w ithin the chip, in W. What causes the exergy 
destruction in this case? Let 7' (1 » 293 K, 
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P/So RLE rvi T 4-i' 


An electric waLer heater having a 2(X> liter capacity heats 
water from 23 t a i>5 p C. I leal transfer from the outside t>f the 
walei lieatei is negligibly an J Ihe stales of the ciceirkal hear¬ 
ing element and the lank holding the water do not change 
significantly. Perform a full csergy accounting, in kJ. of the 
electricity supplied to the water heater. Model the water as 
incompressible with a specific heal c = 4.18 kl/kg ■ K. Let 
n - 23°C. 
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Problem 7-46 continued 



L (m) 


DbcussiVts : As 4ke o+ fUe ro d. i'kcr'&Arts, 4ke l'ie*+ +rWer r*4* es*J. 4Uc 

exevjgo} tlesfrutftovs. Vote. ciacrea^ flap id l»j, S\C%cc ex<sr^ y o-w te. 
vie injCtft &J tlAVit\j ecovtomic Vatu* (5e« Sec. 7.*?^ a. r«tuc-Hovy 
i'ia exev^cj (Ac-iV/ucftffVw cavt be vjeoueA as a coff saviV^ . htwever 
+U*. caf+ &-f 4W Vo<A increases Un-VU leng+U t So om economic 
■hTX^eoW is inherev4 ma select ng a value -fa-v* £.. 
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?ROBl£H 7 47 


fcuowkr. Two Uitoyoi^s et ci 4vo£>-pW«2 li^u.\d-vapcv KMxkArt! of waVr 
u.v\<kfjo two dLtffefeu.'f ^(xaics aJt umt+au-f \joUu*\.<- W-Koee* +Ue -sawi<? e,%vd 
strifes: C A 1 <Mji»totUi’c pcoctfss j sfiFri^'j toi-H* a. paddfe uiUee.1 1 (bj Uax+ -franffe*- 
-from cl TWvmat fesev^oir t«V 43oK. 

Fiikifc -. For cacU case, de-ienvMMC +Uc cUawjc. it* exengt-j > -H«. vtef <xmoM,w,4i of 
exerjy -hra/vii-for by work. t 

scaeAwnc j &we.p ta^A *. y 

T fc = b 30 (C 


//////// < / T «s “ fc3D1C T ‘ : 3oo * c 


HiO 


V 

J/ 

/! rv\ - Z (/ 

$ 


/! 


TC, - 5 


77 


MS <3*0 


'll- 

777777 /// 


4-« 

W'O 


■x t = r.o 


t* = 300* 


l ie<W 



(W 

eu&fc mopci : Co The boa+er U <\ cUxec/ sys4e*v\ <zi Tfea volume. is cons4*i*.+. 
(31 Iv\ Case C«V, Q = 0, ivv ose (l») j VJ-O. f*1) KiiteFic A•po+eyi+ial ewergy 
e(fec4s «,re wegl Igitle. (51 for -fUe evwirovMrae*^-^ -3oo< , p n - ibar. 

Amalv_<;k : For bo+k cases, +Ue iW-fTat ai-d -fiixa./ sfedes arts -FUe same. ie-f us 

beg m bj oWtuuiwg dafa ccfeacU. sAt-iz. From Tab/e A'Z «+ 30o**c 

1T = X£ +■ JC, ) a(.lD3fcXicr 3 +^S)('®.oZ/fc7-l.4036>/ir 5 )-0.oiiS*»«i^ 

U ( - * X, CU^-Uf' ) =. (332.0 +■ (.S)(2SL3.0-l332.o) s (147.5 UT/k^ 

S, i ${' + *,(*3.- %, 1 - 3.i534+(-3)fJ.70^5-3.2S34l = f1Ti ie^/lej-K. 

By CO evu-ciCr), 3 T/gCTt). From Tab/e ^'2 j 7^= 33 4.8 °c 

*** U^=3474.Z tT//^ , s t '- 5.347 3 kT/(^. K 

(cx\ JVv “rtv,U 4W s/gUay**. \s Ctfns+aw.+. Tkus 

AE * *" [(Mi-W.) +p 0 Cj^^. > - 

^6- ~ - f3&o>f S.3(»-73^ = 52.o.<i U7^ _^ 

E u/~ fw~'p* j ^Ol 3 W . Frow> o^\ evierjy ba/<M*ee j nvitw^-n,^ =. W ■ YU*u- 

t? 


W-- vy\C<At.-U, ^ s4^ m ^‘ 1 ‘ |C ' 4 ' , -^b --1053.4 WT^_ 


rWe ex«n>jy ^TftMsfcr- A£xxrvvy>fvvwjiv\y ^eodr oWvao-lEd E. Q , U 

Eq 1 jc«- *&-*- 


Ooco, -froryt exev^y balaMce 
AE - Cj 

®(=- - At 3 -(H05 3.4 tT)-(520.4 k.7) 

r 533 _ 
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Problem 7-47 continued 


fb) SiiXce -PUe cUav^t o£ s+aAz. is ■H*g £A***e J 4b-e cWawjc i**. &ac r<j ij u -ft**. 

sa*we 4l.s t'u |)ai4 («0. tUo.+ is 


4 E = 520.4 fcT 


AS 


S»'*«e -PUe. lAJorU. u xer-o, E U) so - _^ 

~fUe exergy -fourts-for rtccorupany/ k^ heed- -fmMs^cr- fS zyaluaA&J a£- •f^e. laou.*j£.ry 
\Tabure. j 7^ - Cc'SoK- Tk-us 

e <}=6- -%)<s 

M ° 

T*V CMAJi > ) — (S '~ > W Ci ^ / O 5 3, icT omJ 

Eq-(|~ )(i 05 3.4 kT) = 55T.? __E c 

KIDuj, -fr<w *tv\ tfAerrjy txuiavice 

ae = E d 


£ q - /iE - SSj.?' - S 20.4 


3/ 4 




DlSO.t&Sl0tA 

The €Afixrjy «JesWuc.fun\. for ca.$eCI»l js Signif iajLwtlg less "IhaM.-for o-sefo}. 
Siwfe +he «*.«ingy cU.«mj«. Vs -fbu. 50. we i*n bo+(\ ciues, c&£& Ci») <vii«wj 
-tlie CKcratj ckavvoe +o V>g WausUt abou^ ]ot* l»si exer-gw -fvftnsf&r -frorv* -fke 
5urfoiJLA«twgs. J 
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PROBLEM 7 4? 

'■ One ib of 0,_ eypandf f $ a-f Hj /■ *** a l ly uj i+* J -L fec&ivtiHj 4. 

hfifcf 4Wf*£k C\ r*pjAr*^irta j-l**K 0^_ -jVo^v ^ f KfrM-,4 

F f E> * £ *■) Fd^ +^* d-o j^| 5 4* lufl ft V^/j 6 Jj +*^* ^ <* j *hr** j ^V-'j 

£iCc^v*^YiA^^« ^ usa^ki mtl Wh^^fv-J tfKd ft<*t Jsx cUj^vcfin^ - £ £ ; 

£a iw* U ft*-* «wj? r 7M < ^ ,f ( Vvc- h^ j^W* cTo * f* J^rA'a *1 ■f'L* c^clX> ^kc/ , 


* r <T x 

U(Su rj- 
*ZcHT,r*ATiC <£ C t c X>^ : 



*1 

frUfel?>rH0Qlt : |> Ik 
S^fik*** ^ +K* wk ^ [J#fKtt/ 

+**-* f-ji\£ +K* F*uj +A^_ 

UJ*U, 7. - Oj_ IS, Kmi>^ 9 t^<i AJ AtV 
*it+* ^i, 3. 7W */ 

<"*/f «£$<*£ Nf’ 4, E;/f<c£r 

/■g **>«*«■. •%•- 540^, p # =K 


AtoOiL Yfiy .‘<j»jAn\ b»>.U«ie r<dw(^ +0 /^TJ - - C?-tU". S <*J; O -{w 

an, ;4e~l g*l <«.+ f.5*J +*>j Q “ W. <0 

To f„vd W J CA X t 4kj» i d fi-*—A ^ Aj **-*-</ d £ ^ dxj' 1 ’fk 

, (j t £*y>~ 


>/■ z, J p4V; J (nlJJTi i«| 


*T 


^Ivr \ 


~w = K ETln El . 

ft- 


s,*tA P,Vj= vw £ / j P L Vi- **?-Tj 

to) 


d Ajtryfi K WV* 


© 


A* lo*l*»<f +~t~s + *■'■' 

AE= \_\- ^] Gl -CW-PoA'V] - Ej 

wWua.4,. "1+!T'_ 1 ^?''--- 

AlW*«K*« , 't 

^4P.^V-T„as> [- S]«-[w-ft^v] - EW 

W-KATJ^o, a= w . t»«ill*l»» •-( !«-t 

fcj = To [ 45 - ffi.] /tel^T oTS) 

.Tj-K^o-.-fJ- ■■Sr 1 ] 50 *- 

Lr _ « e P 


E O S ^‘t 


+U- O t Oi*d«f^u«£ i’ n WAUJfP/t/jiiU p^o(ji5f. 

vu:4k e^s-co, a3 

GJ-XT'- ( 1 lb)(tgt^)(Sbo^^( l -^)=7!4a^ 

-+Ka ^ f *j ua^ijh o-{ J-hw + <e an-A i^-kxjdAjCirt 5 

- ^ib\( ^ 10 " 7 f f ^ ] = ZC, Sto 6V ^ 
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Problem 7-48 continued 

S * p ^ (7‘ 4.sz.Btu) - -g.~7lt<» ?+>*>. 


L? 

© © 


th) V6r syfU** <*-f j Ej s. T& (Tj u4*it CT ^ ■fk-* 

>j t^VvQjrt-j d u^i-fw« e*%f*vr^*d Fyjftt^* tv*** 3j 


^S" ^ -t ^ ov ■+■ ^ -+(T -7 


Tr« 


<r ; C^s\ t - St- - ^l ^Ch) -l°CT ,) -K ^S -2 ~~ 

s-O r * 


v^ItTUO*. 1PJ 
Tr** 


With Eq. Cl>,OJ*r*i 
asj »*"j»r*» v '3 


®<r= £,] US] 

@ L 


- r. osl *'o 


Qth/OR, 


R~*uy, E 15 T.<r-. -*- 

£**«-*** J, diilvwjuci W,'Hu« +<- ©cu.hj "tu J-pohthh^w.j 

K**t-Vf»ntfv 4 l-rt>^k — f^K 4»^v«.H-yf <U f/c-eAtA. 4Uro.^U +<-* ^«-U- 

|> Tkt krwi i k W*t** , +J « +Kji j^M»dvc fi'o^\ *mV+W* +^* °£. J a J £*** 

j«€n b*3 +Kj. fo^fArtfe iv +U*t'f$km of p±riU) t ^4iU4 

5'/iUn* ; u>-* «j*+ cr^o t 

2* Si^A k**> *VTKHs-f^ ^ dfitorf Ai T<7t» / *U C f* A t^er^y 

' * £>p r**fWl*j d*7et+e<U 

S Tni*rK>3 f* t~& W-*r^y bAU»K 

A£* (-«•?•(<• ) — (ift.rt) ~ (o) - -3s.ig sw 

Tivii a.i*v <-*•« to-*. JtHriwuHfd usfhj AE = A V -t- p» ©V- To ^5 S > aj 


4 

b‘ 


k-* z 1 e*-cL* 1*^ t,UfltAtd * 
CT-^o 4*o T r »j 77 


s. 


<1 *\ JUt-a 

Al 


o v V i a r -« jo-to (pf £ p r* ’f'l**-*-. 

iuchtv, L <t * v,i dm, hr ^/c how 1 <:< * ^ b "* 


5 Ka j 


fv^# ajU . T Uto#wf 


^ H £ fc-H. 


Xj/ (to a>*Cm o-^j ^ f fw A. & f Uw-f* 3 "N ^ 

+ ^ 






k**^ ' - % 


=-> g^~ <*[t-^]-- 7,+ri6 ^ [w cy 

I - oi''? V I t>~ L Pk-/°fL 




r~ 


* i +W AM uUUt 




U A \y&+JL, * 
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pKo&t-etA 7.A^\ 


UMoujm Air *V 4. |dwat«T\ im-Hal state i£ tCYi-M-iVted iU *. cleieA» M'-ik. 

Tta air receives a specified £v\evgy -hravifcfeyr by |ve«f *H\roi^Vi a ujell 
S^pO-ra-hA 3 -phe cjA4 -rcorvy ol fherkw^l res^wo'i/-of‘?£>O l \E. 


Fi MH ‘- fa\ For 4V «.u>r as 4Ve S^t4e«-k h Ae^cvnutVii +Ue exer$y fW 

exenqy bnaMsfcr- actoAvpciVHjiV* k**rt fT*, ms ■?£<“., -tfne exevgy des-hrac-kb*. . 

(Jol EV(dLu.6Jie 4W fixav^ij elec Ff W-t-Kv-vv-fer am eyil«rg«( ftaU ii\c 

■^■e WfrAA AAa-4 <A[SCU.&S. 

SCk^gMM-lC £ &ltf£NJ DA-tA 


/? = /*Mi 
7] - fcccj'V? 


* (WJJLUJLL&-w\ 
A 


cur 

m * H) lh 


»^Ste*A )>*»«.<*dftr^ Am _ 

■for paiH- (“d -"/ tt TfTTTt 



7*r«= T ™>* 


Q-350 BVu. 


7^ -*\0*F - 50Q°£ 


i <xfar\ 


eio &£■ /u-oDfc ■. li) Closed Stjf+ertis are undar oovisIr^erftAoK “fir ujhittv 41« effect 
of rvtdfien *mJ g ravMy Cam be I'akierM. fa) Tk*. voliApyig ts cowstutf and fktre 
Is ho toark. (J>y TUe afr b-ek«ves as art rc/ea/ jks .6U The skfe &f -fUe Mil 
rerVb3-LAs isMtUnnfiZel. (5) The air (mde/^oes An i’nferM*fLj re ve wife process, 

ArJaLV&is : (as Fif~s+, uie. et^Uj +ke energy UaV^ce ik order fix *s-fsde z . Thdris 

6^1 vn^g -ftnr U.-^ cbvut m s er4i 4-r^m TaUe A'ZZE 

^ +^ v - —SfM- + &IM./1I® - 131.34 <>Kl/U» 

ID lb 

iv\ TcbW. VZZE *, T t = 802.1 °R t S°CT^ ~ O.bHbZZ °£ . 

The e><er<j ;j change of -fke a.Lr-i$ 

~ ^ L *«TO - ml CT, 1 r^CV^Af, 'i - T e ( s°cto - s t><L Ti') - R fi-u Vp,^ 
Nofi^ fWt" K./p t = "Ti/7, amJ LoifU S*fcT.) fr^fH Table ^-ilE 


a 

CU4T 


(} o lb) |(ill. 1J ^ - (.02.^ 4^)^ -(Soo'e)(a0. b26>OT 



-^6,-Tt 0V^ ^ 

Drnof ffe SX'frjy +re4*sfrr occompangm^ tieaf franjfrr As <SB-q air •» e*enjy 

fsalawce gives 

Ae„ v - 

Uui-fK ftsfw*~pK»« s j 


E. 


,ar 


^ O 


TVajlS^, 


"Q,Abr * 
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pRoaceM T.Vl C CcWJ-} 

IIS'! A^pV^vOvg 4he €X©v^ loal<MAce 

to -t^e «.v\\ar^c^ % ^s-ie*v* 4 Va.+ 

lV\c\uujl©£ 'H^C AW CkA^A MfuL WA.U 


Wall' 

<ur 


\/ T te =T - 


«s *“* 
a=3SO Bk*. 


5^^cwv\ t>GU. v* J^fccu 

-for par-WL') 


Ay 


+ A® 

uJaU avr 


TWs 

’ (j- %)Q - Att aCr 

sijiW * 


5 yi keA* 


-.(,- 


^oo 


<&M-OlS.Tb 0k*) 


‘fed 

= I 5 5.«5t “ifc.tfe r 5t.8o 6Ux. 


~ biAfustnrv> 

Fvowi tVc a.r\al<^jis *{- 4V*. ewlawjea , tke •JrAws-fev accow*j>«ny(Vy 

kea>+ -Wnns-f^r ~h> 4V/ uuaU i$ iss'.st &Vu . TWu occurs at- +ht resewoir- 
+«.uwperaWA,ire c4 <|oo e (?. The exenj^ trav^-Per -hfom the wjaU to-VWe air^ 
^<$,avr, ooaus at- <v wmacU \ou)er -kw^vu-tufiij <v*d. <MrvvoiM.ds 4© o*Uj 
^8-lt t>hA.. “Tta dU-fteYCyvce is *CCO\am+«^( -for -t>3 tW 6xerg^ dMlru.c4wr*v 
4*«oci<cte4 wl'Vh 4W +e^er«*.+w.ife graJUevct across 4 V«.iaw.U. 
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Pe<?6L€M 7. St) 

JcMAiOn* : Wwfienf Sulosfc»-v\£eS cf£ etf SpAcifieil S+ttieiair +W-'twW'H 4o 4 Covihbl VoU*fti£.. 

PifOD : Ln e&ck case, delenwinc fke specific exe*g<j cu*J specific fUxo exefgg. 

enfcR- rviPpti: Co "Tlie velocity j,s r«Ux.fiVe -jo «.n exerijij refcv^ewe evWinrwentt |«r 
u)kicU T^w'c^p^t i b&tr. C l ) TW effec-k of <jiraviUj a.re 

AtJALMSIS : UiifU a sturvp fur* , +l*e Specific exergij U 

£= Jr Pt,nr-ir^ - 7iCs-s*) +£* 

A/vuf lUe specific ftoUJ exevg^j is 

^ - (k-U<,) - 7 0 ( S-ScO +• 
u*.«-} K-- f ir <-.iH c -. «... -k P„v nj +P* '**-*- 

^ - <£-f V(p-f> 0 ) 

C&I Wa^e** vopov <oob«.r S2.o°c ,/po m/s , U^rfU k A *l<^Cio*!c) » 03.44, Ic3/tj oacJ 
5 e JrarytTMeA- 2 } h = 3425.1 **7/1.^ 

5 sfr.tfcli IcX^-< ; ivk«( V“* 0.033*14 tvTVfc^ -froyvi 7<a>/« 4-4 ( we j«.f 

<^=(^4 *5.1 - 035^)^ -{t*J3 ■*■(.— 

= 14 8l Wr/kj ^_ 

Fro nvi c 3 ) abcaue. 

£- *jr-1T(p~fi,)* K&f ^*-(£>.03314 )floO’i)| Bsir - 

= U45 


CO 


C*J 


C 3J 


I l fO r 

IkT 

h 



I0 ? fl|nn^ 

l tcT 

l Uaor 

IO J N-m 


(Id) >4i»iw<min af 3 bar, O^-S M fs . U^iHa «Ca+«. from Table A-f5^ k o - / S/S. 8 tJ'/fg ( 
S 0 »fc. 28 lfc Jo =(454 43 = 5.540*? kTjl^ K, V^O.42362 Tku-S 

*9 = (|454.43-1513.&V Vcfo(“^i| - fS5.<*7 kTl^_ 

Gjo -&1 5 1 

<£= 4% -VCp-fa)- ISS.b'j-Codz 382X5-1 } | =70.11 LT/fc^.,_i 


* 


(?) *s 0 M idteJ Jus g£jzjjt 18co fc) r So 2eo . Uj,^ jai 

^iflafurvii, be cows 

<% = )f bw-V t*)- r„ { s*cx \-^cro - e 

UJ^'Kfk AojW Vo^i TJolt A-'2/3 

XglTi [( 7 3,H4 -#S2^-<J.43 ){^.zo.1oi- + ^2^*^ |J^ 

- 567-8 ___ 

JJoujj -froTfVi (tltwt 

«.- 'fi^-v/cp-Po'i * <£^- r.t[i- 

= 561.6 g- (^ 4 | i^.) <8eek) [, - ±] * 3 SS.I UT/ij^- 
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pRoet-En 7.57 

Kmqmm : a.t a. sprc. f\*<i j+*. f t. ix t/ndtf COsiSt'dertxil'*^ . 

fcZ*£P : +Vs* Sp+tsfr c tX-erjj awd -+U^ S|>ec.^ ) 'c -f c «^u 

ScHtMn ac Xx^rrt : * 

£Vf«« a + (f OOlb-f a <\0Q op 

¥^' ma,t *' J T,,ssovnoV 

_K- (*o - 


it* 


a 


izzft/l' 




e>06 ft- ftlgPSj* ' TU# s/floc;kj Md «s.le i/*h'e>u o.r-* **ck fet*K*r*t^ 

rc^«*t* **wir*v* *i-e*-r u>U,'Ck. -r - 53Q a ^ ( , A, v (*tv , V D < V 4 XVl U 0 0,Ur£7 o ) 

1 J ' 

A*-> ALT^tSI TK4 lp*t»fVc j # j 7-2 

e - (u*M 0 )+ pfr(lT-tfi) -TJfS-Sj* <JX 

4< ovv^ "T#bltr A-1E^£ 

i 


IBW 


(iv«.M-5«.^> - ( ,4 ^ ,4+ l ^)(noi-ftO[tos)tf [ “^, 11>f | 

- S *>•* t <•««» It- -t fawf ^ f4/! 2X $0 W 1 1 Ji» 

,b R l~Z~ T Jj3?.2lb « 


Ws l ||^?8fl-tbf 


ia«o 


.11 + i.So -mo'i+o.SY ' HIS ,22 ( 3 Wfb 


0 Tk*. Sp*rffv't e /*g lj If f^ vA 4 7* M- a* 4 4*4*. fr 


e f -. (W-w.) - T*0-VJ ■* \ -* j* 

c (i‘rtj 2 fl-'S&. 0 £ 6 ~ -*-0.£| - S7k.3 'S-^/fb 


e. 


|, A L +*riA*(S/c. ^ ujirt5 G'^j/7-L d^d 7<l^ j ^-f ande. ca^ b~* rt-U.4<<l .' ^V£+^tp"FV^j ^ *YiVuj 

«( - * * -to-".) * «s««jg- * C-wig^to*- '«)g|'$?1|,Sfc*hf| 

5 {^3S’.ig fHWSi Bjv. -_ 5 * 7^3 ^ 

I* ffc 
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PRCBL^.^ S"2, 

jctsumjKi . Wa Ur iLi-ium friim ^ ^ ir*U* 1 1 'c +i*»-loi‘»<- af mt r* fw 

fa O- po^ci t fcw- 

^ lyO ' ■ "D< +* r rt-iw^rl C ^ Vvs, 1 ^' r>1 WMrt j W r/^ fa* 
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PfZoOL.erf'o 7T S3 


^ At steady slate, hoi gaseous products of combustion 
cool from 280CFF to 26CFF as they flow through a pipe. 
Owing to negligible fluid friction, ihe How occurs at neaily 
constant pressure, Applying the ideal gas model with 
c fJ ~ 0-25 Bln/lb ■ *R, determine the exergy transfer accom¬ 
panying heat transfer from the gas. in Biu per lb of gas flow¬ 
ing. Tet Tn - 60T and ignore the effects of motion and 
gravity. 
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F£®SLefY1 7.S-4- 

Kor (he simple vapnr power plant of Problem 6. 117, eval¬ 
uate, in MW. (a) the net rate energy exits (he plain with (he 
c0ulm£ water and (t>) the net rate exemy exits the plant with 
the cooling water. Comment. Ut 7* - 2CTC. p {t = I aim and 
ignoie the effects of motion and gravity. 
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/rh (Btu/ib) t 2 (*F) 


Problem 7-56 continued 


IT Cod e 


pi = 1000 II Ibf/in.* 

T1 = 600 // *F 
p2 = 500 // Ibf/in.* 

To = 530 // "R 

hi = h PT(“Water/Steam", pi , T1) 
h2 = h~PT("Water;Steam", p2, T2) 
hi = h2 

si = s_PT(“Water/Steam", pi. T1> 
s2 = s_PT{"Water/Steam", p2, T2) 

Ed = - To * (si - s2) 


IT Results for pi = 500 lbf/m* 

h, = 1249 Btu/lb 
s, = 1.445 Btu/lb “R 
Si = 1.51 Btu/lb "R 

E /m = 34 43 Btu/lb 
d 

T 2 = 523 8 l F 


Plots." 
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U4uUr \MACS of- C+ftO.<M 
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itua (i <m«o espeoteJl ioAseA ov^ 
^reader pr&<Lud-um. 

osm 1 Utw:e m Great tV^ s*. (Se£ 
-1W T-s (jU^jv'AAi .) 
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'7-57 

KNOlOKi A \V (ft A gv\/ev\ &\vdt£ ei*4«T& a tuJ-Ve Cpera-Kflg at U)r+u A. Icm-utjjts 

Volume■Jvit' ftow fate . TW air** «,i*^iergoeS a. H’Wo'H )prsc^ss +© tfx»+ pfa*su.*e. p*. 

Find : (eo Dete-iWue -Fke raAe ot e*ev$<j (ksfracki^v. -for f,.= >S HcrfiiU^ C6) Plot 
•fke ctcstvw.c+k>v<. ifcde. vertus ra/vvjwyj- -frcw 15 -to 2-00 Itf/**..* 
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CtO £, 


Cb) Tke data, to construct TUe ^<AAcVctfi plot" are. obkuneJ ctsn^ iT,as 
fotAowi. For fU* IT 5olu.kW °vr;cT 1 ,p ( 'l o^Jl +Ue entreptj values 
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Problem 7-57 continued 


/7~Code 


pi = 200 H Ibf/in 2 
T1 = 800 // “R 
p2 * 15 // Ibf/in. 1 
AVI = 100 ti ftVmin 
To = 530 // ‘R 

T2 = T1 

vl = v JPfAir.T1.pl) 

Si = S~TP("Air, T1. pi) 
s2 = s_TP("Air, T2, p2) 

mdot = AVI / vl 

Edot = * mdot * To * (si - s2) 


IT Results for p? = 15 lbf/in. 2 

Vi = 1.481 

Si = 0.5167 Btu/lb ’R 

s 2 = 0 6941 Btu/lb °R 

m =67.5 Ib/min 

E = 6347 Btu/min 
d 


Plot ■ 



p2 


fforv, +Ue plot, UJC see -tW +ke, rate oV <4.«Wurfur* iiAc.re*t« 

vjl-VU . TVui Is CicpecAe^ b<ue/ 3 vmW* (p\rt«lwc+bffn. 

Uev\cc iV\tve*.siAg **.•(£«« +Ua J-s .) 
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P/ 2 . 06 L&M 7 S ? 

Water vapor at 4 h l) MPa and 400 U C enters an insulated 
turbine operating at steady slate and expands to saturated 
vapor at 0.1 MPn. Tb© effueis of motion and gravity can he 
neglected. Determine the work developed and the exergy 
destruction, each in kJ per kg of water vapor passing 
through the lurbmc. Let T n “ 27*Cp () 0*1 MPa. 

Emfi' fVtbDlL ; 

I T&V* C^tvVll sK*Mm*k+U 

^cUjj w\*i ta'c. vo *s.4* S 
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akja^y rtr- t aa 4 * ^ a^X* b a (**,<-*/ / ^ 

y4v _ h._ h, = ( 3 i. 1 T u- »v7r*rj *^3 _ S u., r o/„ 
w* " 1 1 ** J 

-J «- N n*7 A-** 
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ScMCHAtiC j <VlVEiO J>A-tA . 



ft* Sii9.r a i bur 

t^spok t^SioK 
\r- (Scivifi v^=to*ifs 

T.zZeok W 


■pi2_o!3LfrM 7 5^ 

Air cnltra li:i insula^ turbine operating at sleady stale 
at bar. 500 K, and 150 m/'s. At the exit the conditions are 
1 bur, 320 K, and it) m/s. There is no significant change in 
elevation. Determine the work developed and the exergy 
destruction, each in kJ per kg of air Towing. Let ilAt" 

To - -300K ( pt. = 1 bar, 

e. JO fc<5!, fV>oQ£ t.: 

E. TKt tov,Vei uTplifVM i'w" fa 

5 cal/vBvn.jt.h'1. it *.+ 1^/ !+* + «' 
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A/JAt ySiS * Tke. rv\Ats *m 4 rata Wta^ios rtduce. wiiU a.4*tAi^p+ , ' 0V ' s O'i - -k> 

^ O s ^°-W (v ^ KM v5jd2 - K r A— ^ W 

SjjJ-VU Ajl’W- T^loL« A-’L' 1 


/I ’So 1 - 10*1 

1 4 . 

V*V i 

1 ^ I 

\ 4 u j 

- * 3*3 b?J WuU) 

l * J 


U i H 

1 EO^W-Brtl 



t# * _ 

-yV%e e/cenjy dlM+YiAttaevi raJta us ^ouiaJ Edl H r„ Tl* (Mei o**. £yvhr»(Hj bttWne 

^ ^ + tfty ^ = fSj*Si^ (lr} 

tAtoi ^&s in*Ui4vm« oaJ, t^a-W ^rtiiVv T«feta 
— = T* [s*(.TO - 5-CT.1 - P*/f*,"] 
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PROBLEM T&O 

Air enter* a turbine operating at steady state with a 
pressure of 75 lbO'm*\ a temperature of 8Q0°R* and a veloc¬ 
ity of 4Gg ft/s. At the turbine exiu the conditions are 
15 lbl/in,\ 600 R, and 100 fLk Heat transfer from the tur¬ 
bine to its surroundings takes place at an average surface 
temperature of 62Q n R, The rate of heal transfer is 2 Btu per 
tb of air passing through the turbine. For ihe turbine, deter¬ 
mine the work developed and the exergy dost ruction, each 
in Btu per lb of air flowing. Let 7i> = 40“F, p |( * 15 lb Fin, 2 , 

grofait, MoOCL; 
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Problem 7-62 continued 


fhe dcU-ci. -k> wrniW'uxt- -Hie re^u.u'edt plot- 4re obto-iweJl uusing (T^as follouis-. 
IT Code 

pi = 400 // Ibf/in. 1 
T1 = 600 II "F 
p2 = 1 //Ibf/in. 1 
eff = 0.7 

To = 60+ 460 //"R 

hi = h_PT("Water/Steam". pi. T1) 
si = s_PT("Water/Steam", pi. T1) 
s2s = si 

h2s = h_ Ps("Wate r/Steam". p2. s2s) 

h2 = hi - eff * (hi - h2s) 

Ed = To * (s2 - si) 
h2 = h_Ps{’Water/Steam", p2, s2} 


IT Results for n, = 70% 

hi = 1306 Btu/lb 
hi = 1013 Btu/lb 
h 2= = 887.3 Btu/lb 
s, = 1,589 Btu'lb-R 
Si= 1.813 Btu/lb ®R 
Si s = 1.589 Btu/lb-°R 

E /rii = 116.5 Btu/lb 
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TSdBLEM 7X3 

Air enters a compressor opera ling a l steady a Laic ui 
7] - 300 K r p, - l bar with a velocity of 70 mta At the exit, 
7 2 ■■■ 540 K, p 2 = % bat and the velocity is 150 m/s/fhe air on 
be modeled as an ideal gas with c p — 1.0-1 kEkg ■ K. Stray 
heal transfer tan be ignored. Del ermine, in kJ per kg of air 
flowing, (a) Che power required by the compressor and (bj 
the rate of exergy destruction within the compressor. Le( 

T iy - 300 K, pa = 1 bar. Ignore the effects of motion and 
gravity. 
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peo Been 7.6 7 


Figure P7.67 shows a device to develop power using a 
heal transfer from a high'iemperatuTc industrial process 
together with a steam input. The figiue provides data lor 
steady-state operation. Afl surfaces arc well insulated, except 
for the one at 527“C„ across which heat transfer occurs at a 
rate of 4.21 k\V. llie device develops power at a rate of 
6 kW. Determine, in kW t 

(a) the rate exergy enters accompanying heal transfer. 

(b) the rale exergy lj carried in by the steam, (E n - E r ;). 

(c) the rate of exergy destruction within the device 

Ignore the effects of motion and gravity and let To - 293 K, 
Po “ 1 bar 
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Fig. P 7.67 
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Problem 6-67 continued 
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FEoHi-EM 7C* ? 

mine the rate of energy dcsGi uclion, irt Blu/miiL for 
Ul£ duct system of Problem 6.LEI- L*t V n = 500 R, 

Pn = ] EJtm. 
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ptoSLe** yCo^ 

for Ihc vortex tube of Example 6.7, determine die rate 
of exer^y destruction, m Biu per ll> of air entering. Refer- 
ring lo ihis value; for exergy dcstmc(ion r comment on the 
inventor^ claim. Ut f u = SXTR.p,, - I atm. 
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PROBLEM 770 

K MQUJ N ■ d C*Y*C ^ J+C*ka ~h*trl0ftl£* 

Ft AJ D " ^0+ v'frruj -ikt rSt*v^rO|Oi'c «-f *ic*y fr Oi*^- 

0 +d /W% ^ K*i*<3irtf e^i't p0u/*#- 

<*&4,rQy t/ff Vucti^A U^i’^Wn EWi -h^rbiHt, 

S CftI**rtT*C «£ ttf tW tM'VTn i 

g iafeg, Yippee* I‘ T^ 

uwf sW« m»" 1 *n tickpi^^ht 
:* ^+ £fC-cfy l.F-rtM 

£*v\tv*t)l ^ll/ivf^ Q<,/— o Qnd 
fc-.'ncfrc pt/ffnti’M *Hff*5y 

«Jf*C+S ^^ti-ji bU. 3. = 

^lK(Z0*O j t^+x. 

AkjmYS \% : A+ s y s+*.f^ > **> a ss e^icr^y rA^t b a l**rrr a* ±oc c di> 

cj i ^ C "-■ ^ C bi i — ^ "Wt# d-o cut w<| ^ i £ ^ rt K*0 p i “t "H-* r ^3 i ■» f < j£ ft Yj £ A 



- K i" ** V CO ^ W Cf ^ vh A j, (h 1 - h*a) (?-) ' . 

htx 

N,^ 61-tO r** 1 h k *"*« T * • M4 “ 

f*w tofcVAntei *»4«te to B’ r< - 
E a * “ T 0 (**-S.) C3J 

S—,^ ^ t -_ 0*O/o . IWIkU*. a- 4, h,= Sm.i^2 , *,= 7./W& Wf*r»c 

Giov-fc!* |pt Vtrpvl^f» rrt) t TK*n, taii-jh Cf (l) hxf c/i w\ ijl t*- i /k 3 S f 

**,= »*«-*f_ - I , 0 .<U.4. 4(7 U-tC‘i(.'#X«^}= 2S 1^3J£5 

S^-X-f 7-3f4vr - f- 


h,., K,_ «* £-.-H„J • 1««. .»0«t >-»«■>)• M«»® *,-|i= Ilf+H, 


s (i 3 7 '#3f3 ea/rj t. s *, «-;♦*■. G-itCiJjfi J 


^ - ri ^ — yj 


IT Code 

pi = 14 // bar 
T1 = 350 II *C 
p2 * 1 // bar 
To = 293 II K 
mdOt = 0.125 //kg/s 
eta = 0.8 

hi = h_PT(“Water/Stearrf. pi, T1) 
si = s_PT{"Water/Steam", pi. T1) 
h2s = h_Ps("Water/Steam", p2, si) 
h2 = hi - eta * (hi * h2s) 

$2 = s_Ph ("Water/Steam”, p2. h2) 


T2 = T_PhrWater/Steam". p2, 
Wdotcv = mdot * (hi * h2) 
Edotcv = mdot * To * (s2 - si) 

IT Results for n, = 80% 

h, = 3149 kJ/kg 

s, = 7.135 kJ/kgK 

hi, = 2592 kJ/kg 
hj = 2703 kJ/kg 
Si = 7.433 kJ/kg-K 
T 2 = 113.6 °C 

W = 55.73 kW 
cv 

E . = 10.9 kW 
0 
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Problem 6-70 continued 
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' DisotSSiotv. : 
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2 . " 3 * 4 W C 4 M ef- so -HiuiAji U 

vw> ujiyU., <VW VuaItvUg. 
o-s a. '^/rtrttUJ«j process, wittxh^U,. 


!■ The por+TiOk\ of -fhe. plot Lorrtf^and j -Jo 

cvtr p- 0, t KPa . 
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PRP6C6K ~77i 
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(*) V* BD% 
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TKtf n 
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Problem 6-68 continued 


The ctfltfja. -f&r dirt. e^wi^tuh-4 buAy (T t as fellows', 

IT Code 

pi = 100 II Ibf/ln, 2 
T1 = 500 // T 
p2 = 1 * 14.696 If Ibf/in, 1 
mdot = 300000 fi wo 

eta = ao // % 

To = 70 + 460 II "R 

hi = h_PTC"Water/Steam", pi, Tl) 
si ~ s PT['Water/Steam" pi, Tl) 
h2s = h^PsCWaler/Steam 1 ', p2, s2s) 
s2s = si 

h2 = hi - (ela 1 100} * (hi - h2s) 
s2 = 5_Ph("Water/Steam", p2, h2) 

Wdot = mdot * (hi - h2) 

CostW = Wdot * (0.03 1 3413) 

Edot - mdot * To * (s2 - si) 

CostE = Edot* (0.08 / 3413) 


IT Results for r|i = 60% 

h, = 1279 Btu/lb 
Si = 1.708 Ht-.j/lb 'R 
h& = 1118 Btu/lb 
h 2 = 1150 Btu/lb 
Si = 1.756 Btu/lb 

W = 3.364 x 10 1 Btuffi 
cv 

5 = 905,7 $/h 

pc'-ver 

E d = 7.623 x 10* BtU/h 
$ = 173.7 Srti 

exBrgy 


Peer' 


H-K 
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60 85 M 05 100 

m m 



■■ ♦' power 
—axsfgy 



A+ vakils v\x 4 'ke.fe-'is less exer^ ct#s+ru£.Kav^ u/jJ, q testier 

0dirp^ T ^5 e*p*Z+eJL 
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PR.o§LeM 7.72. 

Air ai Ti - MOO^R, p, ■> 16 Ihfrin.*' enters a counlcr- 
flow heal exchanger operating at steady state and exits at 
p, - M.7 Ibfin.. a scpaiate stream of air enters at 
fi- 850 J K, pi - bOlbflin. 1 and exits at f A = 1000*R. 
p * - 50 Ibfrm.-, 'Hie mass flow rates of the streams are 
e H uaI Stray heat transfer and the effects of motion and grav¬ 
ity can be ignored. Assuming the ideal gas model with 
r f * 0 24 Wu/lb-R, determine (a) 7\, in “R, and (b) the rate 
of cxergy destruction within the heat exchanger, in Blu per 
lb of air flowing. Let T„ = 520°K. p„ = i a(n) 
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FRo/fLe^ 7-74 

WiEer at f| » 1CKFF, pi - 30 Min. 3 cn.Le:re a coutlEcr- 
flt>w heat e*chafi&£r operative at steady state with li mass 
flow rate of ](Xl EWi 4nd exit? *1 7; - iOCTF wall Closely the 
same pressure. Air enters in a separaie stream at T 3 - ?JCTF 
and csits at 3"*. = ]^0 a F "wi Lh no significant change in pres¬ 
sure, AJf tan be modeled as an, ideal and stray heat trans¬ 
fer can be ignored. Determine (a) the mass flow raLc of the 
air, Eti, (h) the rate of energy destruction: within I he 

heat exchanjer; in Btu/t Ignore the effects of motion and 
gravity and let T iY - GOT, Pli = 1 aim. 
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Problem 6-75 continued 


C4/.+<«- S a O") fr</w* "Ti-CM. 4-2. l 

©(D = ui-T-kJ/li. **- 


I* 


ij O* W "K> Ho. s+*.+ C C*v 

d\S Ch*w4\ **»**• ^ b^j VW.i 


t>£ r+*Ft 




iru^r* 4 a*jl $ faJL<_ 



T.aT*} 


3 When heat transfer occurs at temperatures below T 0 , as in the present ease, the 
accompanying exergy transfer is oppositely directed. This can be seen by study of 
Eq 7 12 In the present case, heat transfer occurs from the warmer air tQ the cooler 
refrigerant. Still, exergy transfer is from the refrigerant. Further, the exergy transferred 
from die refrigerant is accounted for by the exergy increase of the air and by the exergy 
destroyed within the heat exchanger owing to spontaneous heat transfer. 
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problem T.yc 


Liquid water enters a heal exchanger operating at steady 
slate at Ti =■ 60 u >-\ p } = 1 aim and exits at T x = IfflTF wiih 
u negligible change In pressure. In a sepai ale mi cam. steam 
enters at T\ - 20 lb£fin\ x : , — 92% and exits at f A = 140 J F. 
/*., ■* 18 ihf/in a . Stray heal transfer and the effects of motion 
and gravity arc negligible Let T« — 60 J F, p n — I aim. 
Determine (a) ihe ratio of Ihc ma-vx flow rales of the two 
streams and (b) the rate of cxergy destruction, in Btu per Ih 
of steam entering the heat exchanger. 
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P^-offLe^ 7 77 


Argon enters a nozzle operating .11 steady state at 
1300 K* 360 k Pa with a velocity of 10 m/s and exits the noz¬ 
zle At 000 k. 130 kPa. Sitray heat transfer e»n be ignored. 
Modeling argon as an ideal gas with k = 1.67. determine (a) 
the velocity at the exit, in and (b) the rate uf exerey 
destruction, in kj per kg of argon flowing. Let T 1} - 293 K, 
/>„ * 1 bar. 
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LEM ~7.$Q 


Steam ai 0.7 MPa, 3$5 a C cnlcrs an open feedwaier 
healer operating at steady slate. A separate stream of liquid 
vtaLci ciilci > dl 0.7MPa, A .tingle mixed stream cxifo 

as saturated liquid at 0J MPa wtth a mass flaw rate of 20 
kgA Stray heat transfer and the effects of motion and gtav 
ily can be ignored. Let T$ = ^'C, p* ~ 1 atm. Determine 
(a) the mass flow rates of the entering streams, each in kg/s, 

(b) the rale of exergy destruction, in kW, and (e) the ensi of 
the exergy destroyed, in S/ycar, Tor 80M hours of operation 
annually. Evaluate exergy at H cents per kW ■ h, 

schxmahc <£c t>A7n: 
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P/*off LEM 7 


Figure P7.81 provides steady-state operating data for a 
mixing chamber in which entering liquid and vapor 
streams of water mix to form an exiling saturated liquid 
stream Heat transfer from the mixing chamber to its sur¬ 
roundings occurs at an average surface temperature of 
lOTTF. llie effects of motion and gravity are neeligible. l et 
fa * 70 = F, pw — 1 atm. For the mixing chamber, determine, 
each in Biu/s*. (a) the rate of heat transfer and the accom- 
panying rate of exuigy transfer and (hj the rale of cxergy 
destruction. 
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pfrogiet^ 7 . St- 


Liquid watcc a! 20lbFin. a t 50 P F enters a mixing cham¬ 
ber operating al steady state with a mass flow rate of 5 lb's 
mid mixes with a separate stream or steam entering at 
20lt>f/in J , 250*F with a mass flow rate of 038 IbA A single 
mixed stream exits at 20 Ibtfin. 1 * 3 * 130°R Heat transfer from 
the mixing chamber occurs to its surroundings Neglect the 
effects of motion and gravity and let 7\, = 7(EK, p ^. » l atm. 
Determine the rate of energy destruction, in B[u.s, for a 
control volume including the mixing chamber and enough 
of its immediate surroundings that heat transfer occurs at 
?0*K 
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■pfLtfGL errs 7 S3 


- Al siute. sit am with a mass Row rare of 10 ltw> 

entm a rnrbint at SOOT and 600Jbf/m7 and expands to 
MilM/n. Iht* power developed by itw uirbJnc is 2&>-i 
horsepower. ’Hie steam then passes through u coumcrflow 
heal exchanger with a negligible change in pressure, exiling 
nL -SOU E Air cnicfs Ihe heal exchanger in a separate stream 
ai U atm, 1020T and exits at I atm. 620T Hie effects of 
motion and gravity can be ignored and there k mi signiiT- 
cant heat transfer between cither component and its sur¬ 
roundings. Determine 

(a) the mass Row rate of air, in Ibfc 

(b) the rates of exergy destruction in the lurtnne and heat 
exchanger, each in (Jiu.'s. 

I'.ilu.itmv, energy ;,i 8 ccms per kW • h. Jclermine the 
houil) cost of each of (lie energy dolruciioiu lound in pan ((*) 
Let r, = MTF. pu = 1 aim. W ‘ 
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Problem 6-83 continued 
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PROBLEM 7. 

A gas lurbmc operating al steady suit is shown in Fig 
f*7.&l Air enters the compressor *iili a mass flow 1 rale of 
5 kg/i iit 0.05 bar ;m J 22^0 and csils ;it 5.7 bar. T"hc air ihea 
pilose* llirough a heal exchanger before entering the lurbmc 
al 11CO K. 5,7 bar. Air exilS the turbine al 0.95 bar. The com¬ 
pressor and turbine operate adiuhaUcallv and ihe c fleets of 
motion anil and gravity tan he ignored. The compressor and 
tui lime isentrcpic efficiencies arc X2 and respectively. 
Using ihe ideal gas model for air. determine, each in kW, 

(a) the tu'i power developed, 

(b) the rales of exergy deslrueikm for the compressor and 
turbine. 

(c) the tiff rale energy is carried out of the plant al the tur¬ 
bine exil, (£n - E r] ). 

Lei % - 22'C. pu - U.95 bar. 
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peoguGM "7.fir 

Figure P7>85 shows a gu& turbine power plant operating at 
Mc^Jy stale consisting of a coni pressor, ;i heal exchanger, and 
a llirhimt Air i 'Men the compre*rar wiih a mat* flow rain of 

:*.9 kgA al 0,95 bar, 22 U C and exits the turbine at 0.95 bar, 

42TC. Heal transfer lo the air as it flows through the heat 
exchanger occurs at an average temperature of ISS’C. The 
compressor and turbine operate adiahalfcaJlv, Using the ideal 
gas model for the air, and neglecting the effects of motion arid 
gravity, determine, in MW. 

(a) the rale of exergy transfer accompany a tj; heat transfer ro 
iIjv air Mowing through the heal exchanger, 

(h) the nef rale exergy is carried out Ol the plant at tile lur- 
bine exit. (E*j - 6,,). 

(c) the rate of cxer&y destruction within the power plant. 

Compare the results of and comment. Let 
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Problem 6-85 continued 
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Figure P7.S6 shows a power-generating system at steady 
state. Saturated liquid water enters at SO bar with a mm$ 
flow rate of "J4 lig^s. Saturated liquid exits at d.tlH E».u wiifi 
the same mass flow rale. As indicated by arrows, three heat 
transfers occur, cadi at a specified (cmpciaturc in the direc¬ 
tion of the arrow: The first adds 135 MW at 295 J C, the sec¬ 
ond adds 55 MW at 375“C, and (he third removes energy at 
20°C The system generates power at the rale oJ tiU MW. The 
effects of motion and gravity can he ignored. Let = 2tTC, 
Pto - I aim. Determine, in MW. (a) the rale of heat transfer 
Qi and ihc accompanying rate of energy transfer and (b) a 
fuJJ exergy accounting of the mat cxergy supplied to the sys¬ 
tem with the two heal additions and with the net cxergy 
(Efj - E f j), carried in by the water stream as it passes from 
inlet to exit 
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P/eofften 7- ? ? 


Figure P7.87 shows :i gas turbine power plant usmg air 
the work mg fluid, The accompanying (able gives stcady- 
Mule operating d«*ia. An tan be modeled as an ideal gas* 
Sir ay heal transfer and the effects of motion and gravity can 
Ik: ignored. Let 7\ = 290 K. p, = lOOkPa. Determine, each 
m kJ per kg of air Mowing, (a) ihe net power developed. 
<*>) the net exergy mciease i>l ihe air passing through the 
heat exchanger. - ^ f: ). and (c) a full cxergy accounting 
based on the energy supplied lo the plant found in part 
(b). Comment. 
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PROBLEM 7 


Carbon dioxide (COj) gas enters a turbine operating it 
sLcndy 5i*Ee at 50 bar_5dO K with a viiiucaly of 50 The 
iailet aiea is 0.02 m 1 . At the exit, ibu pre^iir# is: 7n bar, lb# 
tempeialurc is MO K, and ihif velocity is 10 mk.Thc power 
developed by the turbine is 3 MW, and heat transfer occur* 
nterc-ss a portL-on of tliu surface where average temperit- 
tutf is 462 K. Assume ideal gas bcJinvj-or for the izarbon 
dioxide and neglect the effort of gravity. Lit 7„ = 2 % K„ 
Po ■= 1 bar. 

(a) Determine the rate of heaL transfer, in kW. 

(b) Perform a fult uxergy iKCLJUulijig. in kW, based on [he 
net rale clergy is carried into the luibine by the carbon 
dioxide. 





e.+ 


^4-Sjl+ ■Win?^ faec^rf 
^ j *+( j » , q_4 L a-f 1 y* i 

4 C ^V- tV 4-id p ^ AH / d i■ j ^''it'a 11 


7r = 


rk^. 

s£ 




J ^h-l 1 ft-L TS j jr An, 

Qcv s -V ^ t - h,} ■+■ J 




Clj 




Vo 


UAjr. K >,c _ tWWKMuJIt*^ _ 

* rv ' ' @s m.™>' ' 

t£ K-^OvhC - 


Fy^T-AJLi 4-^ h i - li-i- J ^° 5 ' 

<v * «* ¥ [ ' 5 ^^' $ * t‘4®] ftft^l= p£1] 

i _ tut ^ -— 

p p 

(b) ^tl j>1b '**■“ tv* “ iff I - fifi > tf> " 

(Cf<-<fjA= i* [ L - "t f£*- T vJ + U 

-T,L I *- S i- Ri * fl/ ^J +y/ ^ 1 

rrt _Tvtfij A-i-1, T«; =25+.*/^ *J/c«^r-tj rku * 

*.-%• ««vf , 

- L L ,a ^wr^- , 'tiS5..iiJ 

^ 3 S' 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Problem 6-88 continued 


Tk- /W.V. «f -OV^Xj 

(v.Jt* ov !Ej 3 7i (fci/. f*^*c_K*v 3 + 1 ** 

= £<,- W -* (Kfi-Efi) 



F7oi=W 


W. fb “ 


1 

0 Met- t.'eJ 



O e**-oy t> *fpUc4- 



/ Pouuef 

3 ooo l*.W 


)/ S>r«rj.j o*^ 

Uftit A**~ 

7* ji.W 

f-jor*. W 

(*%) 
l «•**/£? 

3<W$ k-W 



Cfa) 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






P&oBLeM 

For the air compressor of Problem 7.66 perform a full 
exergy Mounting,in ki per kg, of air flowing, based on *he 
*vik inpur. 
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PROBLEM 7 fO 
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Problem 6-90 continued 
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PROBLEM 7,ij 

According, to a laboraicn y daia sheet, air enters a corn- 
pressor operating at steady state at 1 bar, 20 a C with a vol¬ 
umetric Flaw rate &( 9 mViniii and ujiii* ut 5 bar. ItXFC. 
Cooling water is ciredated through a water jacket endos- 
iug the compressor at a rate of 8.6 kg/m in, entering at 17*C 
and exiting at 25'°C with a negligible change in pressure. 
There is no significant heal l runs ter from the outer surface 
ol the water jacket, arid the effects of motion on gravity arc 
negligible. Let 7^ = !7 T f, ] bar. Perform a full exergy 

accounting in kW. based on the compressor power input 
ana comment. 
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Problem 6-91 continued 
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PROBLEM 7 92. 


© 


Refrigerant 134a enters a water-jackcrcd compressor 
operating at steady slate at HFC, 3.2 bar and exits at 

7{FC, 10 bar. Cooling water enters as a separate stream At 

20 V C and exits at 32*C with no significant change in pres¬ 
sure. The refrigerant mass flow rate h 1.63 kgVs. and the 
power input to the compressor is 55 2 kJ per kg of refriger¬ 
ant flowing. Assuming no heat transfer between the outer 
surface of the water jacket and the surroundings, and 
neglecting the effects of motion and gravity 

(a) determine the mass flow rate of cooling water, in Itgfs, 
and 

(b) perform a full exeigy accounting* in kW, based on the 
compressor power input and comment. 

Let T u - WC,p l} = 1 bar. 
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Problem 6-92 continued 
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PROBLEM 7.<13 

Foj ibe compressor and heal exchanger of Problem 
6.114, perform a full cxergy accounting. in kW p based on I be 
compressor power in pul. Let — 300 K K p u = 96 kPa. 
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PROBLEM 7-*H 

l-l^urc P7AI4 shows liquid water at 80 lh£'m. 3 ,300 a F 
entering a flush chamber though a valve at the rate of 22 Ifc/s. 
At the valve exit, the pressure is 42 IbLinA Saturated liquid 
at 40 lhC ; tn.‘ exits from the hi mom of the flash chamber ami 
saturated vapor at 40lbfiin* exits from near the top.The vapor 
stream is fed to a steam turbine having an iscntropic efficiency 
of 90% and an exit pressure of 2 Ibf/inA For steady-state oper- 
alion, negligible heal transfer with the surroundings, and no 
significant effects of motion and gravity, perform a full exergy 
accounting. in BluJs, of the net rate at which cxergy is supplied; 
(E,, - E u - E^}. Lei r 0 - 500" R, = 1 atm. 
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Problem 6-94 continued 
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PP-oELet-; 7^5“ 


Figu,c P, M provides sleady-sialc opeiaiinit data for a 
(hmltling valve in parallel with a steam turbin'e having an 
iicnlroptc turbine efficiency „r<»■*.. T*. dreams ,™i *u.e 
valve and the (uptime fm\ in a mixing chamber (feat irans 
fej wtih the surroundings and ihc effects of motion and £ra v* 
■ty can be neglected. Determine 


(a) the power developed by (he turbine, in Blots. 

tb) die mass flow rales through ihe turbine and valve each 
m Jh's. 

(c) it (till energy accounting, in Bit*, of the net rate at which 
exergy is supplied: (£ n - £ rj y 

Let f„ = 500 “R. p n » l atm . 
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Problem 6-95 continued 
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for the water heater of Problem 7.45, devise and evalu¬ 
ate an excfgctic efficiency. 
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Problem 7^7 

Plot the cxergelic efficiency given by Eq, 7.21b versus 
TJT U fur 7V7"u - 8.0 ;md n - 04, 0.6. QM, 1,0. What ™ be 
kin ned from the pkrt when TJTo is fixed? When c is fixed? 
Discuss, 
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CH 


PRoSLErA 7A°l 


Steam enters a turbine opera ling at steady slate at 
Pi = 12 MPa, 7, == 70CPC anti exits at p : = 0.6 MPa The 
Leu dupe turbine efficiency is 85%. Property daia are 
provided in the accompanying table. Stray heal lonsfer 
and the effects of motion and gravity arc negligible. 
Let 7|i = 300 K,p& = 1 00 k Pa. Determine (a) the power 
developed and the rale of eveigy destruction, each in kJ per 
kg of steam flowing, anti (b) the exergctic turbine efficiency. 


Stale 

P( MPa] 

1 Tiro 

h (kKli?) 

(:U;'kg ■ k: 

1 Turbine inlet 

J2 

700 

38584 

7.0749 

2 Turbine exit 

0.6 

</? r = M%) 

3017,5 

7,2938 


0^36>fe» MoOCc: 

(■ T™U-* Vi^u^c 3 L*-+ 

SlCC-k^ it at !#**■*> . 

2 +^hf/v -H—t 

c ^ Vv^i K*v% An<f ^ ^ 

h **<^Lf*J J -e* 

3- p^-tOOKfi^ 


ZCH%pnAnc T I>AT&; 



A uTTSlS* Ca ) Avi e k^kp-j^ rtL-k ire <L*j bo 

3 S^o-A m -— 

« 4U^ os, fv-oy* p^i-LPC-K^ -fn-Ai ^ Wxryt^ 

TWi ; 

T # £s*-S) = ?oftt(7.«7>-7-o?«) £3, 

bv'H 1 ™ ' C 

^ t.f-t 7 fcJ /15 


h‘c “fur^ ik» t* -tnkj vi 

f~ ( = (*>i->, fc ) 

f - *21 _ w«v/w _ 

e[e#t-eti] 0*r*»»1* T.f^-rO 

y-#»" i, j ) 

_. 0 * 1 - ^ O _ g <f o- 

c*M-^rr^^ g 4 <. ctT 

- o c t^C e)2 -^^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 























P/2-OHLC5M 7-100 

Suiuiaied liquid water at 0*01 MPa enters a power plant 
pump operating at a steady stale. Liquid water exits the 
pump ai 10 MPa, The hentropk pump efficiency k 90% 
Property data are provided in the accompanying table. Stray 
heat transfer ami the effects of motion and gravity are neg- 
liable. Let T u ** 300 K.p a = IDOkPa. Determine (a) the 
power required by the pump and the rale of exergy destruc¬ 
tion, each in kJ per kg of water flowing, and (bj the ener¬ 
getic pump efficiency. 
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PROBLEM TJO3 


Steam enters a [turbine operating ai steady state at 
3 MPa h 600 lJ C and tails at 30 fcFa. Stray heal transfer and 
111* of motion and grfl.vi.ty can bi> :gjiorud. If th* rat* 

of exergy dciLruclio-n is 95.4 M per kg of Steam flowing 
determine (a) the isentropie turbine etficienCy and {b) the 
energetic turbine efficiency. Let T L | = 293 K h p.u - 1 bar. 
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PR 08 i.tr H ~7-i05~ 


Sleam at 200Ibf/inA660=F enters a turbine operating S^HC/wATk: < Ctvr<U 
at steady slate with a max* (low rate of 16.5 Ifrmin and extts 

M 14.7 JbJ/in.\ 238:^ Stray hc(U transfer and ilic cfJcctS of 

motion and gravity can be ignored. Lei T it * 537 W R 1 
Pu - 14.7 Ibtfin. . PcUummc for the lurhtrie (a) the power 
developed and the rate of exergy destruction. each in 
Blu/min, and (b) the i&cntropic and exergclic turbine 
efficiencies. 
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PfcoSl&M -7lS(& 


Figure P7.106 shows a turbine operating at steady slate 
with steam entering ai Pl ** 30 bar, f t = 350°C and a muss 
flow rate of M) kgte. Process stenm is extracted at 
Pi = 5 bar. T 2 - 200X the remaining steam, exits at 
P* ~ ^ af - 90%, and a mass (low rate of 25 
Stray heat transfer and (he effects of motion and gravity arc 
negligible. Let 7|j = 25 s C.pi) *• 1 bar. Ihe accompanying 
table provide* property data at key states. For the turbine" 
determine the power developed and rate of exergy destruc 
tion, each in \1W, Also devise and evaluate an cxergetic 
efficiency for the turbine. 
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P (bar) 
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/, (kJ/kg) 

■t (ki.'kg * K) 
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P Eol3UrM Vi 0 V~ 


For the turbine and heal exchanger arrangement of 
Prublctii 6 , 116 , evaluate nn exergetio efficiency for (a) each 
turbine. (b) the heal exchanger, and (c) an overall control 
volume enclosing the LurbmeS and heal exchanger, t om* 
meni, IjCt fn ” 300 K.Pu = 1 bar. 
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Problem 7-107 continued 
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'PreosLeM 

Dctenminc ihe energetic efficiency foe the tttrtole ^ 

(i!> Problem 0,130. Let T 0 = .300 K. 

(b) JYobbm 6.131. Let T v = ^00 °R. 

(c) Problem tU32. Le( T c = 295 K. 

(dj Problem 6.133. Let T u = 530 °H. 
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Problem 7-109 continued 

(.b) Tbo dai*. jsl«fs ctre obVtLUMe^ u-slv^j it, foMouJi : 

tj_ Code 

pi = 400 // ibf/in * 

T1 = 600 // T 
x2 = 1.0 

p2 = 50 it Ibf/in. 1 
To = 60 + 460 II 'R 


hi = h_PT("Water/Steam", pi. T1) 
si = s_PT{'Water/Steam", pi, Tl) 
h2 = h sa t_ P x ("Wa te r/Ste a m", p2, x2) 
s2 = ssat_Px{ , 'Water/Steam". p2, x2) 
s2s = s_Ph("Water/Steam", p2, h2s) 

S2S * Si 

Ed = To ■ (s2 - si) 

eta = (hi - ti2) / (hi - h2s) 

eff = (hi - h2) / {(hi - h2) - To * {si -s2)) 


Pt-crrs: 


IT_ Results for p? - 50 Ibf/in. 1 

h, = 1306 Btu/lb 

h 2 = 1 174 Btu/lb 

h 2l = 1123 Btu/lb 

s, = 1.589 Btu/lb- "R 

s 2 = 1.659 Btu/lb "R 

Si- = 1.589 Btu/lb °R 

E ./ttl = 36.26 
a 

r) t = 0.719 (71:9%) 
c- 0.7847 (78.47%) 
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PROBLEM 7-liO 
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pi = 400 // bf/in. 2 

xl = 1 

p2 = 0.6 ft !bf/in- 2 

x2 “ 0.01 

To = 60 + 460 /TR 

hi = hsat_Px( ir Water/Steam", pi, xl) 
si = ssat_Px{’Water/Steam 11 , pi, xl) 
h2 = hsat^PxCWatar/Stfiam^ p2, *2) 
s2 = s5at_Px( l, Water/Steam l \ p2 r x2) 
s2s = s_Ph( H Watar/St 0 am ,l 1 p2. h2s) 
s2s = si 

Wcv=h1~h2 

Ed = To' (s2-s1) 

eta = Wc vf (hi -P2s) 

eff = Wov / ((hi - h2) ■ To * (si - s2)) 


r r Resu lts f or x 2 - 0.61 
hi = 1205 Btu/ib 

h z - 899.S Btu/ib 
h ? * = 606.0 Btu/lh 
Si -1.405 Btu/lb- fl R 
s 3 = 1.056 Btu/lb-'R 

W /m =305.5 Btu/lta 
cv 

E . / rn = 00.97 Btu/lb 
o 

e = 07744 (77.44%) 

7) t - 0 7662 [76.62%) 
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J. I** tu-ii U]^ +K< nume^ruJ * f 6 

b<—c -+-WV **» vvq^ otef*rvc<i 


V1^ e*ti* ** 
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PROBLEM 7-111 

t S C opt/'A-h^j d A-i* Ore, pro^«<| -£W- ** t^rbin 

L-X^cK *1 i^^AAdi^j 


£ U. 

” ■ ■ — t j"’ * ’■'■ r"'—' j 

P //vQI P*of verruj + Vj +i^ibiVi#> Cvi ’+ f e**^-**^^^ -+K* d< v* * u^cJ, 

+*-* ^*X> #a ci*i trs/c fv»* y eK^rj«|it +t*rf?/*r c^fi % c-4>in t 

ScHTftf/tTIt 0 £ &t J*CA/ T^yM ? gfcjfefc- K^6QgL,- 


AffCaw 


ZH^L 



iooo*C r 


ft* 2H*k 

|U = o-V VJ ^ 


f 7*V-* cortfr 9 1 ? Uou/rt **% 

■tv# Uki^atl't H A-l £+X*^ y £+*+*., 

*-* F&r +kj> f ei^ +^pl Vd f WLV^, d?Cy ” 
finb £i*i* H'C aa ti |pk> {*« K 
effrtti if# **£(')'b'-» 

3- c^ \S *v#d t I* ^ cus ,’tU*-4 ^ 

lv f +u £p ~ _£ |^ j / 

4 mtTj ft* ib^r. 


AMALHjiS : E»<iuc**j * ,vv *Er j e *# **4j ^ ^ p tv-oy?*j b^ -ft? -j(*Jr 

i 4 4 *-A vw^6 4 jU AjklfrHcrv^s <|W Cp Co#*E'H*4 

W w s*(H ( -'i*.'i * fp iTi-T.) Ej-T 6 <^, = M^ti-e,). 

- **frsMlT>-7 ( ) <■>> c«T e R [i.s-MTi _tf» £.-j CZ J 


f- 


VW 


Wi 


Wev 


<3) 


^ lt*+.- ef*i (H|-H 1 -7^(t|-E lh )) ^<¥ + 64 

ObSfr** 4v^t "I*. t4n rftrt^t fr 7^ f j C#r'fif^Urti*Vj ** ift* h^pj'c Cy p 1 i fw^ 

ti T> -T t ^ c^rr*ffu*i^iV^ -h> powtr d«i/*laf<U. U^'«K* 6^ fe,4^ Ti j - Ti ( ft (f> j* 

us.^ ^ 3 ^ ' 0 •** ■ - r *“‘< 'R.it6*w>cl(2J£r)*^= t54K- to, 

<»34k stl s n?3k:. 

TVit daL+t -for plots ct^ -H—». obftw'x*^ US <' w. * XT 

at -fo llcvu S •. ® 


••■‘Xu 


/TCode 
pi =2//MPa 
TI = 1000 + 273 //K 
p2 = 0.35 //MPa 
T2 = 1273 // K 
To = 20 + 273 II K 
mdot = 0.5 // kg/s 
cp = 2.5 * R 

R = 8.314/39.94 // kJ/kg K 

Wdot = mdot * cp ■ (TI - T2) 

delta_s = cp * ln(T2 / TI) - R * In(p2 / pi) 

Edot = To * mdot * delta_s 

eff = Wdot / (Wdot + Edot) 


IT Results 

for T 2 = 634 K: 

W = 166.3 kW 
cv 

E s 0 
d 

c = 1 (100%) 


For T } = 1273 K: 

W =0 
cv 

E = 53.15 kW 
d 

t = 0 
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Problem 7-111 continued 





Ti <K) 



Tj (K) 


4* ^ J 5 S( ofld 


tp s- c v \ ^ cU^j j a^, j ut< y^~* 


Cy- 2 K. ft.J 


s SC 
W 


U±3 - x 
-i/i R. 3 


/■fa?. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 







PpoBLEM 7 */i 2 _ 

tc.ro qu>n i cptr&b*^$ daba aft pto\j/Htd -for & +Urt>* h f/r*i^ v^f i/c 

a*\<± b <Vic S^‘ 

F/mD; +t*rbi*A >t° + ^ <dx$ frm'hcm a^<* ^ei^cfrtL 

C-f vcrftif ^ /1 7^*w. ^/06 %l 


rtn&ju rti i 


C y 6fif0*> D *t V 


f|i?Kll*f|[ 


;r®- 






1^ ■• 

P L % U» Lhtyu% V 


/ p, 11 •»#/** 


T # = 4 0*f> P<> ? Uth 


I Hftm 



moaet-: ^0 Tk< 4v^4i^r i> f*i|*U4td *.*4 *> *f«*tfi| »A#f* icy-0. ITM. 

**p**if*i' utrflii +Kf *«t*€ *, +kf#+jUj*t^ prdtiU* Cl/ Por+Kt 

To - t o ^ P/ ^#T l*W. 

AOAurJfi; F*r flL NiuM I K** + £*i^el Vfl , «“' t *4 t+^le. -f*» wk'iA 

t-Ktr^ i*Jt "*« Ht** PkK tivtri Pi (#*!**<& *t4uf*t fv 

Os Z^Eb ■+ *> (*i~*i)+ ■*> «**- *4 (ti-S, ) 

Turn, (*.H, Ej- T 0 ffw ) “** ■a* T 


v*\y< : ii r t*( s»-s,) ti) §* s TSlsj-sJ Cl) 


c*l c **1 oh : Kj s 0«^t, fV©*^ T*AJ£ Pk-i^Ej ^1/ - sj = (fUb? Q+v/lb ’*& 

U**+V* <*vi vt^^K'rvi %| * Trt Wp(of’«y t*L ttt \bf h'H'** un"tK 

h t r (lit* Q^; *3 l~ * W* &W/b - T^%fe A-26, ^J* ^^1*% 

3^- o. 13^T+ 0.^9 0- 8*J\0 » Ulfil Vtv-H* r T*r*/h*j ^alue; M b Gn$+Li),Uj 

(t*f»W*c« «*»*<i-w8-i'W*M!** s n»<? 1^ .*_ v .i, e 

it i* ^ 

(£i/iU)(-wfc.Ke = 51*°lt( MW- I- t8).lt-! I*.|.?i tbt ■*— -K*'-*'* * 

U 

-/<-« v*|« m *-* '/ Aw Co^**., . 


IT Code 

pi = 200 // Ibf/tn.* 

T1 = 600 // *F 
p2= 150 // Ibf/in. 1 
p3 = 1 // Ibf/in. 1 
To = 60 + 460 II ®R 

x3 - 0.98 /TResults for x% = 0,98 


hi = h_PT("Water/Steam", pi, II) 
si = s_PT("Water/Steam", pi, T1) 
h2 = h Ps(‘Water/Steam", p2, s2) 
h2 = hi 

s3 - ssat_Px ('Water/Steam", p3, *3) 
Edvalve= To * (s2 • si) 

Edturb- To 4 (s3 - s2) 


hi = 1322 Btuflb 
si = 1.676 Btu/lb-'R 
s2 = 1.707 Btu/lb-'R 
s3= 1 941 Btu/lb-'R 
fe ./ml = 121.4 Btu/lb 

' 0 ' whv 

Ie . / m) =16.04 Btu/lb 

V O ' tjrtHnn 
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Problem 7-112 continued 
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The Wbmf ca ^ * Ve« ^ 6^, ?-?4 r 
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€ - 'Zhz ^ ■ S*«* V* t = h, ^or+W +W.rtl.^ jl+HrtJj w« ?*-* 

0v-Vij)-TitJ|^i) 

£■ -- K 3 _ 0) . T„ Ei,.Ci) h, » -f «*! ^ Tj R , •’* h**i *• J h *= 

IK-Hi 1 }-ToOt-ij} a»<* «w» s 3 o-«’« f’X*'* " 3 

&*-» C^U-l-lv^ : M=a-q9. fV^-HU« A-ve, ^IW-I BfWl*. IM^O.+ihj w 
T.ioif A-^e u-.-K hi»n, *4- i ro u*t/i#^ s x sr.fo?afW/fr V- un'f^ J»+*» £*••'- 7 *-+* A ’Se 
•.f Il^f/ii^ Hjs bVM * o.^8(/®lW s ,.■ Sj» •.!!»?•» ■h*//fc > **. 

7 a t«f K»^ ^ ^lV#J 

_ fil? j.i ** /cSt) x l - o Odil ( ^ C*2- *J4) 

~ fatiA-* »w)»sro( 3 ^ ^ 

fT Code 

pi = 200 ;/ Ibf/in 3 
T1 = 600 // *F 
p2 - 150 // Ibf/tn. 1 


p3 = 1 // lbf/in. a 


90 


x3 = 0.98 


60 - 


To = 60 + 460 U *R 






70 


hi = h PT("Water/Sleam M , pi, T1) 


60 

' ^ 

s2 = s__PhfWater/Steam", p2, hi) 


so 


s3 = 5Sal_Px(’VVyltfr/SUsam , \ p3, x3) 

£ 

1 


h3 - hsat Px( "Water/SteamT p3 t x3) 

u> 

40 - 


eff = (hi ~h3) / ((hi - h3) - To * (s2 - s3)) 


30 - 


IT Results for Xt = 0.98 


20 - 


eff 0.6613 


10 


hi 1322 


n .. 


h3 1085 


0 9 0 92 0 94 0 96 0 . 9 a 1 

52 1 707 




s3 1.941 



X3 
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Problem 7-114 continued 
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PPoBUEM 7* //S 


. Refrigerant 134a as saturated vapor a* M0”t: enters a 
compressor operating at steady state with a mass flow rate 
ui (1.5 k & /s + /\l Hie compressor exit [he pressure of the 
refrigerant is 5 bar. Stray heal transfer and the effects of 
motion and gravity can he ignored. If the rate of energy 
destruction within the compressor be kept less than 

2.4 fcW, determine the allowed ranges for (a) the power 
required by the compressor, in kW, and (b) 

+"* excrgctic compressor effrtf***/* Ui r 0 ~ 29BK, 
Po ■* 1 bar. 

eft- 
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FfeoBLEM 7 11 (o 


Determine the exer^ctic efficiency for die compressor of 

(a) Problem 6.134 Let T b = 29GK. 

(b) rrowem 6J35, Ut T { , - 298K. 


C+) frt/v^Er^, 7 

e ^ -T.g^-O ^ ( V.,-k,V T tf f i° - S? - 

h, - h , 
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PP-OSLE M 7 111 

For the turbinc-compj cssor arrangement of Problem 
6,146, determine the energetic efficient:y for (a) the turbine, 
(b) the cvmprc^n (c) dir utcmlJ tximrul volume enclosing 
the lurbine and compressor, Let J*„ - 300 K. 
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PPoet-EM ~7.123 

Ammonia enters a counter flow heat exchanger at 
20 C. with a quality ol 35%, and calls as saturated vapor at 
ZtTC Air at 300 K. t bar enters the heat exchanger in a sep¬ 
arate si ream with a mass How rate of 24U kg'min and exits at 
2M> K jX kw*; [he heat exchanger is a I steady state. There 
is no appreciable heat transfer between (he heal exchanger 
and its stniotmdtnps Neglect the cl facts of motion and grav¬ 
ity anti let 7‘> « 300 K. p t \ = I bar. 

(a) As in Bg, Ei7.6 h sketch the variation with position of the 
temperature of each stream, Locate T t> on the ike (ch¬ 
ib) Determine lhc mass flow rate of the ammonia, m fcg/s, 
(c) Devise and evaluate an e serge! ic efficiency for the heal 
exchanger. 
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When heat transfer occurs at temperatures below T c * as in the present case* the 
accompanying exergy iranster is oppositely direeted. ITiis con be seen by study oi 
Eq.7J2. In the present ease, heat transfer occurs from die warmer air fcj the cooler 
refrigerant. Still, exergy transfer is from the refrigerant. Further, the cxergy transferred 
from ihc refrigerant is accounted for by the cxergy increase of the air and by the exergv 
destroyed within the heat exchanger owing to spontaneous heat transfer. 

2 . la ~ ’ 

Ttj fc "J tU* *, vs*f- ^*XX u+illjtd.. 
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Figure P7.125 shows a i syitem producing 

two useful products: net power and process sleuin. The 
accompanying tabic provider steady-male mass How rate, 
Lcmpcralurc, pressufC h and flow energy dula 41 the III num¬ 
bered states on the figure. Stray heat transfer and the ett'ecLs 
of motion and gravity -can be ignored- Let 7 M - 296.15 K, 
p g = 1.013 bur. Determine, in MW, 

(a) the n& rate CXCrgy is carried cmL wiLh Lhc process steam. 


(b) the net rate exergy is carried out wilh the combusLion 
products, {£ n " E||}, 

(o') the rates of energy desEf UCtion in the a i r preheater, hea L- 
reeovery s(cam generator, arid (he combustion chamber. 
Devise and evaluate an £XCIgetic efficiency for the overall 
cogeneration system. 


FoaL-watai; 3Q bar 


Process sieortt 
ft SuEiualud Vjjinr, 
T 10 bur, 14 


Ajr PrehL'aaur 


Comhuslion 

PrtrfliUS 


Natural Gas 


. turn'd CT* cu^Vol 

f rtotoS^j b\* p^i^owU 

*nd | in ri*> I Ivjj 
& r ^^***+ 1 -* pf*kr*.+*r; 

axrit co^ituiA^ 

c.UaWa 

?- All 

it } |ry Hfict 

+- 1 ** 

4- T a ■= f.*-<.oi?J«n 


Hb^-Rcpcjvci^ 
5(CTim Ccncraror 


Cbmbustibn 

dumber 


Ah CampttBqr 


Cj^ff. CktfVJ tft 
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Suuf 

Substance 

Xfliw? 

Flow Rate 

(*&} 

Temperature 

(K) 

PffeSSUIfe 

(bar? 

Flow 

Exe/gy K-nce, 
E, (MW) 

i 

Ail 

71.23 

295 .15 

1.013 

0.00 

2 

Air 

91.28 

603.74 

10.LJ0 

27.54 

3 

Air 

91.25 

330.00 

9j623 

41.94 

4 

C’gmbiBtioit 

proiEueti 

71.92 

3320.00 

9.142 

10IA5 

3 

Combusiibn 
prod acts 

92,72 

1006,16 

1.099 

20.78 

b 

CtafaBtian 

prnrliieu 

72.92 

779.?fi 

146S 

23.75 

7 

Combusiiiai 
prod am 

92.92 


1.013 

2.77 

3 

W*|ff 

14.00 

mis 

20.000 

006 

9 

Waier 

14.00 

4B5.57 

30,000 

12.11 

10 

Methane 

1.64 

278.15 

12.000 

34.99 
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Problem 7-125 continued 


it) TIm's U enr r« b evy *ys4*\+* U4^nj -f^p p^cioc-fr * 
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w>+H * ***>«■ 
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^ rr^arded kcr* ** ^ lor* > 

”f"U«e it-j ?u pp I** d o yJj-f* - * l J 5 l<3 

jMetA 4#d lg , m<+* N *K C- 


@ 


“TUmS^ W* 

£ &r*i ^ jocj 3 - ^nrt> + (^ W* 

ru ri BU * <1 e fj ,D 

3oM^4 ig.'KM' V - 0-S~l?3 
S^.ll MW 


4 . Aii ey*T 3 j A*^t* bfc'dwie W+ku ca^iAjt^y-hifbiHC Jn***^ r»+r -Ctf -**^7 

1 ^ + |aj *j t*vwpe***+*: 

ej s CKfi-Sfi1+ Uf*-£fr)-W„^ 

- to-»r«)4 ( tol-*f- ?<-?8l “*0 - S-./3MU) 

2. An exv^ occova^j 4*r- 


Sf-Cr^y Supp/i‘e^ -fkj £u*/.' 

*•<*>(*<*' 


</ Bo*(JllC-tl 

P,w,*r 

S4*^^v> 

i£), Btf 

u.jr imv 

V L*e£ * ^fC 

com lr a 1 h tv* p** CcE 

7-77 MW 

V IU S Vu <+> #w 


— py** kn<Jfc*- 

- +±e$<* 

_ CowihvJ^ tUi**!?**^ 

2-LZ MU » 
6-Z3 ww 
x£.*fS mu> 

— Ce<-^votf#v-//urJfi^ 

i‘.i3 Mtt/ 

g<f.<J5 MW 


} 


3S.l^ 
1 J- 0 % 

3-3% 


^ 56-3 p /. 


3-1% 

T 3 Vo , 
Jo.o *M 
c.o % 


Ws ^+tt^ H-wtt 

IfrkAffC 

of *J+f % -> 4*^ 

i's <1» v*-L l© o ^ ^ ffV-Ni 
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PPosieM 7 IZ.C 


- Hgure P 7,126 shows a combined gas turbine-vapor 
power plant operating at steady state. The gas turbine is 
numbered 1 5 . The vupor power plain is uuiiibeied 6 9 . The 
accompanying table gives data at these numbered slates. The 
total net power output is 45 MW and the mass flow rate of 
ihe water (lowing through the vapor power plant is 15.6 kp't 
The ideal gas model applies lo the air. Stray heal transfer 
and the effects of motion and gravity can he ignored. 
Lei T, } — 300 K, p, - lOOkPa, Determine 

(a) the mass /low rate of the air flowing through the gas tur¬ 
bine. in kg/i 

(b) the net rate exergy is earned out with the exhaust air 


Gw Turbine 81 _ Vhpor Cycle 


Slate h (kb'ksi) 

V* fkj/lii ■ K) State 

h i kJAgt 

vfkJ/ke * 

1 300 J 9 

J ,7020 <j 

1 * 3,96 

05975 

2 669.79 

15088 7 

11 38 30 

6.3634 

3 1515,42 

3.3620 8 

2104 74 

fi .7282 

4 858.02 

5 400.98 

2.7620 9 

1.9919 

173.88 

0,5926 


*r c is the variable appealing m Lq. 6 2thi ami T:iNc A 22. 


stream, (E^ - E n )* in MW f 

(e) the rate of exergy destruction in the compressor and 
pump, each in MW. 

(d) the net rate of energy inercaiC of Ihe air flowing through 
the combustor, (£ rj - E (i ), in MW. 

Devise and evaluate an cxcrgctic efficiency for ihe overall 
combined power plant, 



Air inlet 


h\hju%t 

r, = m k ? 

p s . p 4 * 100VPa 


Heat exchanger 


T} = I41XJ K 

3 Pi = p* = 1200 kl J a 
TJ, = M<% 


V + W Mf = +S MW 


% = 84% 


r f wre 

7 P7 - S MPa 

n, = 90% 


e nj fag - nnoQg C: 

f. Cortbrtl ec f 

<*(✓* tlc^e pe* ^cip A L co n’t-j 

CAn 1 trk* g If ^ y S H ^ * 

2 * S Wy trwAr fV 4 

Cati be i -j- 
3- Tin. P 0 ~.IookPo. , 

A Tkj* air W J *o 

* Aa*-4 ^<L0 - 

fa) fir P^ 

hf*4 -4 a; c^si. * r '~ fo 



cti (F 5 -£ fl )- ^ L^r-^i -iifss-5 ( >] 

- K\ - T*( * 3 - S* 

- 4#s.*n-i°o.i«t- *?oo£ — i| 

_ I ,"JS M w 
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Problem 7-126 continued 


(C) #-p 'i , 

C s t ^ " 

0 k* (-St.} + eft ✓ ^ £c? ^ ^ Oc lx 
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- 2-1-3 
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ecc^l 4 m«i +G> Ja^ "TK* p^Uftd^cU o^+k* O 

System C* theri +<s# k<> pooi^r 

-TKp^AAJ*, ti ^ Ovo^a-K tys-k^ W ob^«d- 

p*r* W) . Tlu« , -k^ &*■€ ^jc h‘c rffccJ-c * c^j us 

r ir^ i = o -ft* (7S-?%) 


C-fi-ffi 


C*}.4<,M iv 


4- 


Cu. S-C'C * ^*IG -fnr <LiS C«Sf/ CTkj 0 -f dow. t? < H e J 
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Problem 7-129 continued 
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T > OU>* (■■ 


frrf«,k, ^e 4 - 2 ™" 


gMCft. Mopeu 
t’ TlfcJ Cdnb’tfl *^©l ww 4 f £ Udojri tin 

l cK* *m a J\t i'C *f X ffa fC. 

2 . r A*d co*MbuiK^ <hiV* 

t«W *r]ltybt9 irj^ 

A**d 

3 C 0 «*Wt fi « fV*-* etgj c fT ^<4 

^s£. 

4 . -fv-*i*j -f^ u*tfu S unr9v+d**fJ 

CcKr* b< . 

£, Tk# *«<* 

>1^^ /*M 5**^^ 

^At4 b(*\fd 


(O A+ sy 5E^-k } 
r#-4* ^Lahu i-'ilK H 

2 4 -h> j-t 

Ej- £ fF - £f p - £f c - 

; «0 - S - If - 2 ' r - M '^ 


Os ) Pf r ^a -Hv- 4 JL/y lA ^v and p «**>■* */ p-*^ <La c ^ ^ 

tx n’i -tw# C**^ t*<j 5 h i^» \l O^n * I 

<&. s** * We - if+^£ =©-r ($»%') **— 

e^ so 

CO U.-Jvs ftSlvv^+Vr^o Z' 4j *- t^U-rvo AJ*<U . 

C^+ C -j " Cj + ^ "TtviK 1 + t ' ^Etw^)h‘»" c £$*■* c.^e.- ^-f-P + ~^~ 

Solsn-J Hw -vvJ ^i-f ^ i+***»v r~ 0* 


c* 


C.F E|-F 4 z 

E^ia W«. 


= tc l-Jil y _^_ 

L Efit\4*e J CEfj+v^e"] 


&£. 

€■ 


QEfMWcl 


V /eoo/4 


. j V-gg^Aw h j 


- L f 0 KU,-H itU). K 


| iMW|| 

| tt)Ae«k J 


1 l $ l 


Tuj c*t\ a 


ftw K ^ 


| lo 1 ^ 

11 — 1 = 

»>//u 

1 1 MU/ 1 

1 1 ioV«-h' 


10* 1 1 

■Jg ) - 

#4osvlh •< — 

fall 
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7J?3 


CJIO AJ * Op+S A fart*] £&i~l A, ^ P d iV| 

7 ID -f*/- ^c 


E/fciP : 7^ M*v\* a*\ 0(^r*it c<?-i )vx?i ^<?/< 

C ot'f h>i i4> ^ # *" *1 7 ^ ^ *m r 

^u~a4<uce4 # ^ ^ A J^» u cgs- f Aw<j 

trio V*- I <*c , d ^ C>t<* 7*0 

Sc ff C M^l > C 6 < \/£#U t> A Ti l; 



A^JfrLVij^- A cci+ *"* f* tul^nce -AAft-dx 

« 

cV&e.+ c- E +i- - c p + Z 


M^e and Ut^f 

■ f i^t p ew # *- X M* ****- 

ro^ire u-*i’+^- “K^- v *iwpi 

g*o&^, mopfL ? 

(* ( W* C Qtn trnpi V D J ^hu j JU^ i^a-v 

*a icke^flh'c is *i sj-*ie 

Z* fur t o»^i Vvpl V*Ol uk^4 jCfitv* - O. 

?- Tfrup -^-*^4 Lg^-fi^ cii^v d ComaI^U'SH tfVS — 
^ 1 f Pn r U»> 1 ^ ^ ^ r j 1 ^ J € 

And i t 

^\ 7Zs-f * o«* t t/ni b ti av ^ 

c wt, 

5 . *T^ A-K/b’nj fkAv powe^ e*ct* 
V\£^-t ^ u^e u **J- c*i-f b*Kd 

^ mr n' 


^ £- Cp %F + ^ 

We + Efr 

(Y**k Srti* uKi*v*s> 6l!£)ikU^i(l - 12-^fMWy £-f£s2^0-^7^^ 


(!#'**• (v*M)( lot* MW) *l\ll/k. 

IMW l 

1 to 1 4 -1 

( IV^W 1 * W)MW (W-JT4 3©4f)MW 

1 

1 * 1 


r (5^D°i-f Jf ?^cr*nh/ic W-h ^ 

Fy A ** +1"^ W l w "H ^ ^ ^ A fc*-“pAjL. 7* 1 ^ + ^ <v ^* U V^jt- (At f f" P * ^ A (T 

f* 6 @i Cf U#- J*i <x«^ SftAH^ 7- £ cri*+r/kW-h * U^Ka^ 

ihe. Q**raii £<m VvdI VlH w ^ to eavt &i‘dt *W ^ +* u “ # 

^ cost ‘j « tvi^Uer' b-fl o+<*u v> ek, 

p*rt ») CoS'K c? t*: Wi-bu 'fU# K^r bj J^A 

W * ir^yJLA 7-^' 0^1 e-K*^ ^ ^ Ct#( ^ ^ 6C4^>r' is 

[lu^jy* v> u* Avt^*r" fe k. fc)4*r 'ftouJL 

bur *[ \t*£t~4. c«i:-K* TV^ —t * ^ tVa 7- fO ^ 

bP ^ A A v u vjfc* K ^ r I A tr> l^x <* C_® t> pA Ih^-^P O r 4» •* V - » r M* ^ 'b* iTVs. i , e/A45d 

-fto *ftw a c a—J ^tA H d*£;'H&n ji-*otJlPJ - 
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'PfceSLEM 7-/34- 

fc op-er+i 4«d tfevt, cijt+A Are pro*ided -for -+w<. 
Coyrtf^hiM tXAb**p{f J*10. 

F;AjD . Ptoi vcrtui ftv 0*f +1** f-*oU 3 r s t“ ^ t*) 

Lopt-tij toffc -f*-* ^ H 5 f<-* p*f*“ KW*h^ 

ce) ^^iJb ce*it c^-^Mp-^suj^ ^ p^«i^ «S+e*** f'—^’ 

Sc H7 HAPTIC <g C I vy y*o j>flT*y : £*« Rju** £=?■ J&, 

i..- 7 ,me» +° 30 *° -3 , ? *- > 

1 * W- 1 Tj,t*c) 4-3C 34S 544 2*2 2fli“ 1*0 s*i. 

G-mw) --—-_ 

Clot* nopeu u Cva> 4 l! f./o *t_C4J« Con tre* <4 Cxa*y/<■ /0 . 


AmaotS^J v F»// e uj. "tW» a «<i /ij ti'x s-f Evai^le 7-/ 0 

W e i ( S - V) 


to 


****'* *» - H-ITtqfs, } h, ft firr4 hj P,5 ffelSA^ T, s 4-fc6°C , (, t ft *> 

P* j Tt 4^4 4»M* 


TVj v^-V c*tf £+**»* U f.'i c*«ti/*U/'h ; m c%« D*«i**j0fe 

lO- TL*j v A Uc br* b^j-M** i»o.1«r ii‘j ***''T**- 

^t*s> ft iiu K tv* w a d>/ f *j E v /■ 3 4* zb . TKj w t# j > fa*- j*o c m**# r* ^ 

<U Wvwu*«* ^>J 


it. 

*- We We 


a; 


w^e (V- 7i C»«-u/«Vw-k , W e » '»*«" V> ^ 6 ^* < -°; *-t = 7.1W«,^< 
Ui e ft v-i KWj »•'<» 

. _ , l MW 

E t ,-e H -- -CS.-k,-T. ( t,- i 4 )3I &nft C3) 


b«£* 4 


“(^ dtW^e + 1 ** vtftiJt- CdC^*J 4w 



c*a & 


ua*SI 

k) 


wwc it Ei *C3J 4 £-ff- SxM ^ « 

Th€. it c^de i‘S uxrd "te d*.+A, cate, 

irt 4 k* +ik^l €. ~TK» w##-c it«^ ta/ - ’Kdl +t> o^. rpf rjoT 5A re tr 

jac Y ifc n +t> v*^Ljih 


/T Cod e 

pi = 50 if bar 
T1 = 466 // "C 
p2 = 40 // bar 
12 = 436 if "C 
mdot = 26.15 //kg/s 
To = 298 // K 

hi = h_PT("Water/Steam", p1 r J1) 
si = s”PTfWater/Steam", pi, T1) 
h2 = h PI ("Waler/Steam", p2,12) 
s2 s~PTf Water/Steam", p2,12) 
s2s = s__Ph{‘Waler/Steam 11 , p2, h2s) 
s2s = si 


Wdote - mdot * (hi - h2) /1000 

Edotfi * Edolf2 = mdot * ({hi - h2) - To * (si - s2)) / 1000 

Edotfl = 35 

ce ^ c2 * ((Edotfl - Edotf2) / Wdote) + (Zdott / W f dote) /1000 
Zdott = 7.2 * Wdote 
u2 - 7.2 

cm = c2 * (Edotf2 / mdot) * (1000 / 3600) 


Continued on next slide 
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c* (cents / kg) unit cost ( cents - kW h ) 


Problem 7-134 continued 


?10TS ■ 
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peosoeM 8.3 

kNDuJKi' . Water is -+Ue working fluid in a Carnot Vapor pou ier circle, T^e 
States at the, boile/" and tu-rfemc. inlets aite-^jecified and +Vie- 
COKdenser pressure is known. 

De+ev-ir^lneCa) dke+U&nmat e#i denog, lb)+be. back work ratio jlcJ+ta 
heat -bran ?-fert©-fbe working -fluid p ev " u.n»t vmss passing +Krou< 3 b 
tbe bo iler, 4 nd (d If he beat transfer £-»»». +Uc working-fluid passing 
-fUax^U -H^e cOn<Aens£ir. 

wUijT |— ~y , sat rep; 


F'Mb' 




e>^A;fgaN^ 

Model•■ (O EacU oxr*£>oneujt l s ana/ji*^ as a. up*,irel volunt« *.f steady 
S^att. taj Ml processes ®f fU Loovktug -P£jLlL*( «L*e itt ferivtdy raversiWe ,(.3/ 7i~e. 
fut'biHt o.kJ fki ®u.*vp operate adia.\outica IU<. fciMe-fcc. awJl pofru+iW ewem 
effects are negtigiUe. 

ANM,VStS ‘. First J K* eacU of t^t principal states . 

Mate ( : p ( - lOO bcw~ , Sot. impor =£> h, * 21 2*U l&r/fc^ ^ s, * S-fc-l^l kCT/l^-ic 

x ■ P- s ^ i ** "- s , =t> ?^ = *- G5Z2 Ht. 7.2 UT/b> 

^ C - 3 - ? 3 -O.Ob U«r , ^3 " S y * 3.^S^ iV/ 1 % ^ X ^ Q ^fc 3< 

k, = LOZl.l U 3 '/lsg ’ *33 

3h-fe H > ^-lOCbec< ; s«4. liquid ^ U w ' IHOT.fe kT/kj 

C<?) Tfe tke vrA^l eW-C<.ie^uj of +L«. Car - not ctjcle is cju/«u by with 

data fro ns TaW-e A- 3 "" _ * ~ — 

s 3 ot. 31 t . Tkur 


j *^*H ~ "'"set @ loo W»c 


SBH.Z-5X: a^T t = x S4it<£C>i0(<bAv 


© 


* l ~ K , - O.^IOfe (*41.0^%). 


(Jb) baclc. work rati,© 15 

, Cv) p/vrt') b^-Vi^ 


sen.23 K 

IMGl.fc - 1023.7 


n_ 


1 vur 


= o.?7e& 


bwr 


('*V*v') " C 7.724.1-17 27.2 C 37.0&^ 

(g)C<^ For -Hu boiler: fl<Vrk 3 K~ » 212H n - l4o^.t = I?I 7 .| tT ^_ Q,u/iC> 


v k.£* ' 

(dl For-fUe condinstr *. Qouf/v^’ LT2-1.2 - |£>27-i a —--Ssy±/j5^ 

1. Mterv^Vwdu , Vy * l - ^ l - ^5. * 0 41o4 . 

v «iVtrk I3H.S 

2 . Tbase. resu.Lfs at\oco CovnpamDri of tW. Carwo-f uutle. ujtfU, C0/VPSPcw4rA£i 

ideal ^ctwbvde o^c(2- Prt>ol&m8.l. ® 0 
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PR06L£M 8 A 


KiUOoJaJ: Ido-far is ibe. working fluid in an ideal Ronbme cycle, uchk 
iiAperheaied vapor ew+erinj the turbine-- JWo. a-re, ywtm m 
problem 6,2. 

Pi^jt) : Plot colcIa of -H%e. cuaniii'ies calculated m Problem ?. 2 versus 

condenser- pressure ra.n<j(*j -from bkPa fa o.IMP*. 

5cbJ€mAriC t 6\\J£tiDMA : S ee, solution, fo Problem S.z . 

6MM/Ufc£ft /V>0P£L? ^ee So/u/Kow-to proWowi ®,2. 

AjiJiysfs : T/te procedure -for -fixing eacU et fUcprincipal s-fafas is fUe same. 
AS 1 w Problem 8.1. Sptfa l is -A xed t O-Adsfafac 2,3, q <xU vary oj)H\ 
QMAcfav.se r pressure } 4.S it(ushvAe4 onj-Ue T-s diay rztm bebsvj 



For a. Sample C£lIcu.IaPu>^~^ j>«e 'pie. jo/afitrvi'fo Problem S.Z. 


IX Code. : 


pi * 100 //bar 
T1 = 480 // »C 
p2 = 0.06 //bar 
mdot = 1 
//Turbine 

hi = h_PT("Steam”, pi. T1) 
si = s_PT("Steam", pi, T1) 
s2 = si 

h2 = h_Ps(‘Water", p2, s2) 
Wdott = mdot * (hi - h2) 

// Condenser 
p3 = p2 
X3 = 0 


II Pump 

v3 = vsat_Px("Water", p3, x3) 
p4 = p1 

h4 = h3 + v3*(p4 - p3)*(l0 A 5/10 A 3> 
Wdotp = mdot * (h4 - h3) 

// Cycle parameters 
Wdotnet = Wdott - Wdotp 
eta = Wdotnet / Qdotin 
Qdotin = mdot * (hi - h4) 


h3 = hsat_Px(Water", p3, x3) 
Qdotout = mdot * (h2 - h3) 


IT Zesui_js : 


P2 

(bar) 

Qu,/m 

Qo^/m 

W t lm 

VV p /m 

W^lm 

n 

ht 

h 2 

/?3 

h 4 

0.06 

3160 

HI858 

1311 

10.06 

1301 

0.4119 

3321 

2009 

151 

161.1 

1 

2893 

1947 

955.8 

10.33 

7)45 5 

0.3269 

3321 

2365 

417.9 

428 3“ 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 































Problem 8-4 continued 

plotiih g -A?r -fAe- CtrfiVe. v'anjje. a-f coh^enser /presSU^-S 



CD 


£ 


•O) 


?000 


1900 


1800 


1700 



02 0.4 06 0.8 

Condenser pressure - bar 


TAe -fiierma.1 t-Pticl evict) decreases a.s con dM$&r pressure i^tvea^es. 
AWkowjU |t5s hetd’ i Kiput iS KifcaW jper unit* masJ - S-AeAm 4tou>i‘h^ ) 'tAg Yiei 

Wo A grim'd: vmss decreases as ujtlt. 
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PRO0C£M 8.5 


KNOIOM*. Water is The u*orUmq ftuirf i« an ffanUna cycle. uJifU 

Suj 3 erKea 4 «^ v^orat-fhe lu-rbi'ne mle-f. Ptefa grVen »w 
problem 6,2. 

p/A/P : ploi each of fUe<3uanfifies calculated mProtkm P-2. vc^xas sf<eci)^ 

'. ae^encter pressure, rantth^ from 4 To 2.0 MA*. i-Mtle. main Au* lug 

J Conski rt-fc fU rbfne M le+ H rape rccfu re . 

Truejustir £ C^\ mfk> DATA : See. solu-hoa fo Problem 0.2. 

E/vg-wg^gfA/g- Wfr£L : ,S<£e tfojaAin -fo P^oUs-i^i S.2. 


AaMiV £ 1 5, * TAe pr©cec4«^'fe»" -A* cac^i of fhc principal stores is Hie same, 
asjn Problem 8.2.. Sftxte 3 is fixed t and shales f, 2,an<* V aU vary ui'ifh 
Steam CjenervJor pressure. jCls Hlushnxfecl on Me diagram bcloco 



s 


for 0 . sample ctHey, ^ see -fhz solu"Kov> ~|t> prcbi&m S.‘ 2., 


IT Code 

pi = 100 II bar 
T1 = 480 II deg C 
p2 = 0.06 II bar 
mdot = 1 
II Turbine 

hi = h_PT("Steam", pi, T1) 
si = sJUfSteam", pi, T1) 
s2 = s1 

h2 = h_Ps(’Water", p2, s2) 
Wdott = mdot * (hi - h2) 

II Condenser 
p3 = p2 
x3 = 0 

h3 = hsat_Px( Water", p3, x3) 
Qdotout = mdot * (h2 - h3) 


II Pump 

v3 = vsat_Px(Water", p3, x3) 
p4 = p1 

h4 = h3+v3‘(p4 - p3)*(10 A 5/10 A 3) 
Qdottn = mdot * (hi - h4) 

Wdotp = mdot * (h4 - h3) 
Wdotnet = Wdott - Wdotp 
eta = Wdotnet / Qdotin 


it gesuijd : 


pi (bar) 

On Irh 


W x im 

VV p /m 

W^lm 

n 

hi 

^2 

ft3 

ft4 

40 

3244 

2014 

1234 

4.02 

1230 

0.3792 

3399 

2165 

151 

155.1 

200 

3160 

1858 

1311 

1006 

1301 

0.411*? 

3321 

2009 

151 

161.1 
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Problem 8-5 continued 

plotting -for the entire vange. ot stettW ^enevu^r pr-essttrej 

2000 

1600 
q> 

£ 1200 

“1 

I 

■£ 600 
+ Gf 400 
0 

40 60 60 100 120 140 160 180 200 

0.5 

0,4 

0.3 

0.2 

c- 

0.1 

0 

40 60 80 100 120 140 160 180 200 

3500 

3000 

os 2500 

£ 

^ 2000 
! 

1500 

I 1000 

■Gf 

500 
0 

40 60 80 100 120 140 160 180 200 

Steam generator pressure - bar 

Thette/wud ef^oerO-j mcr-ewes uitUviwcvaisinj sVaxvn ^o-ievxW ij^save., 

MhVeiwxU less l\ec*t i'n(! ia^- Is l/\£e4 lD£T Uvi’t wifr-Sj S'ter^Vw ft&uKKci } '\de. 
UXwU lj p£V" iMut VnMS <Mc.YMAe& <3uS UieU , J 
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PRD&LBM S.G 


kMQuJM : Wokf Vs The, -flu,u( ha ft" ioieK.1 l^avikme ujc[e .lW Contte-nser 

pifegsur^ TW -kAA'toftAC inlet sfefe afe specified.- The mfcts -Rouj 
£>"f sfe&vH is ^ i v^ia, ■ 

Fi»JD' - Deterwiine CM The maT poujey,, (f>) The, rate of lo«d- Trdw.f-fe'r 4o fh-e. 

ST-^uvvx ipa^il* o -fk'^O'ft-'jh.Tke. loei lar^c.) The TWrwicx( efficiency, ft>d £(T) 
■TUc wu^s -frSui rote of cco'i'w^ wak/ po-ssh^ TWou^k TUe. condenser. 


‘X.iAftMtvnc, DATA : 



p t : lbO bar 
•sarf. Vafor 



% ~J! | ” 

f. 


IZO ty: 


— Coohng water 

^Tcw-iB a C* 

Condeiriei 


£ = 0.08 bar 

fl 1 I 

Serf, [i<jw,i^ 


EAJ6iMe£fg<Mfr Mod&l : See ^KCLwiple s .i , 

AWIY5IS : FfVsTj -fix ^4ch of +he. jj>riVlCip<d Stales. 

Sfate | •■ j>,z ib&la^ 5af. i/<5wp£>r =£> h, = 1 ?80.& hT/kg, S, = 5.1453“ 

^ fate 2 ; p - o.oS fc*r 5. = <?. T> v . hcli* - * ,„ Q . i . ,, - , ,7wi 


*,.* g ' Vs!" '’O.bo'U , h z = It?7.fc UT/fcj 
D 3* tz 


5fafe 3 1 O.o8la^ ; SaT: U^txU ^ U 3 - 0 3.58 kT’/Lj- 
Sfcaifi^'. f> * 140 k®r, k^ U i+ 


■ I 13,b&^—+ (Toos'mo 3 lOto- o^haf 


= 173 38+lb. 13 = 140.01 P"/bj 
(h'i'Tlae neT developed Is 

Wfe-W p " m|U r U^-iU H -U^] 

2,2o i^ U 2 .S 80 .t- It37^-ft40,0l -n3.8fifl ^ 

= Li 12 *(0 5 LW<-- 


| I6 S 4*1 

\kr 

l y\r 

10V* 


l kw 


1 Wfas 


W ctr^ tiS 


kV) Pov TL«. sVea^m ^txssm^ TUrau^k boMey" 

<S,V ~ Vv\(h,-kA "■G 7 - o >(2-?fl0 1 t-l^D.0i^ -J.S^xio S kw^- 


C9 u 


(?> V - -0,3 8© 6,6%) <s-!U 

v <3;* 

fa) Tbr ftes. COviVfol ^/oUav*jl e^cfosuAfl fW r Jt ^«/v«ev'-('AssuMm 1 AU, ~d AT T 

JU . *(k.-v^ J 3 “ “ “ 


CvAT.w , 

WiVU C w -4,nT W/bj-K Tvow\ Takfe, A -14 

Cvzo)f \£l-r.t,- H3.86) _ z «c U§_ ^ 

C^.iTiK 18'i b s 


Vv\ 


m 


tip 


Cvo 
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PRO^UE JfA 6.7 

tdfOQcufj: W<^4er is -Hi€. worbiivj iw aCarv\c 4 vc-pdr power cy(e. ^teuizfc^ 

Wfui4 ew-krs-Hue. boiler avH s-t^tq/dW vo^wv- <>ivk^ -fke 
im bolter preiou? Lc specified. Tke UrtJjiubr p<eiiixtz is spcccfi^Al^ 
ww.cs flow rai-e of sfe«.m Is jiv-ew • r 

^aterwu^e C*0 -f^e.-H*ev“yKa.l tff'frciewu^CU+Uc tatwiJt uiorU. rtd-tej (c)-f/*e 
he+ power, «vwcl CcO -fie foie Or bec4- J -tvaviffer -fvr>m ujoyUi nr-fW«( 

^S'j'ivvj “tiiroiA^K+kc C, a v\d&w± e 'Y'. v 


FiWD: 


SCHEMATIC. £ &IV€M DArA : 



p, -1 bO bovr 
Sai, vctfor 

--- 



* 12.0 kjl ^ 


Cooling water 
Condenser 

" 0* OSfco*^ 


v MESftl a) 6zt _MODEL ■ U) EocV\ Corvponew+ (5 <hs 

4+ S+eouAH Hate. ( 2 ) AW pv»ass 52 s a*^. mWnatU. r-eve*sH»l«. ; ( 3 ) Ttyj. KtvtiV M fUe. ipu*p 
6 p£raJk odU'a WAi cat Uj,C4.) KiWAic Hvu4 ^c+ew.Fte'l evie-rjij effete arc n(ia l(s)e. 

/WVAiVSH : p/rs^ •£ lx e<u:li e4 4k«. priwc/^wj ^Ha-fes. 

HtHe. I : j>sifco tar s<rf. vcy?c>r b ( =2 5S0.£ jo37tg s t = ^/A^-k 

pfflte. 2.' p.:i,e 8 W,f v =s. =t> „ . S^-S^z . . _ 

rv ' J v ‘ V^TTs^ Ai-i^.feUr/kg 

HSi^fej.: KT/^-K 

^ V . V ^ , 0t4l3O K 3 = UbG.4 kT/fcg 

J 3~ T 3 


6fa4e^; 


- /(?o s«f\ ligitH ^ = lb so. 1 ^(Icj 

GX) The 4Wenvia| e#r\ ciew.c*j e>£-Hte Carviof circle, is ^Vvevi to^j S,q. WrBt ctate-fyo*^ 

TflVWA- 3 ; T h ^T^Qi^^iffZo.fS k = 0 ,£>8Ur = 3l *- i,fe> 

(b) The Uxcic WOrte YaAnb U 


H 


U*s - ifr5P-t-iife(,,4 s0 5t3 


Q> 


W ' t ^ 2580.fc - U.37.t» 

£c/i Tbe. ne4 ^ovoer 4-e\/eA©pe<A 1$ 


bujr 


^u^cte = ^L^rWO-CUv)-^"] =^o^)tC258P.fc-te31uV(ifc5o.iHIW.H^g|j^ 

- 55,120 kW^- Wpy Jte- 

(4) Fof -Vbe cxTw^euser t q 0 ^ - H Cb ^-n - s^smo bw < <^Lr 

1. ( v^» w /<j.H = W«jcW/ Cw^| t t QoH 

2. ihese results Cav\ be Cortpa,re4HrK\4W f?awLmr c^jeje ts^ ^robe^ ©.to . 
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problem 8.8 


’ Water i '4 ike (Ajork^q-fluid m coa ideal RixnWUe. cy ck. JUt condenser 

xv\d -s^arv 1 j-ttr&raW preset <-,« o,re. Sf<*cC:(-\e.d as in ?r<sbfern 8-fc. 

^/Jjp : Riof eaclft -iki. co-lauJcded 1V4 Profa/^rvj £ 3 ,fo Versus -furtme. 

-ftkw^ra^u-re. from scJu.ruH'cn\ fo super'(uWLfc^ vapor. 

5CHmfrriC j CzlXLLU z>Ata •■ See Profckm f.t. 
g.AjgtAJ E-gJgiAh^ i/H0l>3E.i-: See. PrO&ews ®,fr, 

^kJAp(gl j 1 flog iuir(>ih.€ ’(ulef o.vw{ Oc'ti zhiUs. 

oWfl/Hje iu +kd T-5 dietjYT. i.m.* 


/£ Code 
pi =150 //bar 
p2 = 0.08 // bar 
mdot = 120 // kg/s 
//Turbine 

TI sat = Tsat_P("Steam", pi) 

TI = 350 

01 = hJPTf'Steam", pi , TI) 
si = s_PT( |, Steam 1 ’, pi, TI) 
s2 = si 

h2 - h_Ps<"Water", p2, s2) 

It Condenser 
p3 = p2 
x3 = 0 

h3 = hsat_Px( "Water", p3, x3) 

// Pump 

v3 = vsat_Px("WaterT p3, x3) 

P4 = p1 

h4 = h3 + v3 * (p4 - p3) * f10 A 5 / 10 A 3) 

// Cycle parameters 

Wdotnet = mdot * ((hi - h2) - (h4-h3)) II kW 
Qdotin = mdot * (hi - h4) II kW 
eta = Wdotnet/Qdotin 
Qdotout - mdot * (h2 - h3) // kW 


/T ReSUltS (Ti ~ That 160 bar) 

Q lfl -2.868E5 kW 

Qou, - 1.757E5 kW 

= 1.111E5 kW 

n~ 0.3875 
ft, = 2580 kJ/kJ 
h 2 = 1638 kj/kg 
hi = 173,6 kJ/kg 
h„ - 189.0 kJ/kg 



cycle 


550 


Turbine inlet tenrperature - a C 

Tlie l(^ oUi 1 - 2 -3-^-i') <c ^ 

um+ ke tucUe wiTkou^ SLLp&v” 2^3- H-f)^ 5 c> 

“(Vie/iwal YS Vtigkffr.TWe^&iflg^ 'ivuns'fer re4&5 etfiCOrtltAjkj. 
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PRQGL&tA 


K^OCOj^ : if -Had u^arktVig ^Lud iU a n JCcLuItjne Cyofe. T^£ fv,rbitf€ 

skte f{*£ CouJevt$er- prT£ffu,rc are kn^uori* AI50 -fke_ rnuis 

fU)u> nvte 0/ sfcart'i enJ-erj^y Hie jurfem« u jweiA. 

EiMHi c^> -H*e v\eE yo^er c^e^eUpei, +U& 4-Wervnal eWatiency, 

anci, CO +U e wvc^s f^oio r^fe e>? coolmj uj^+er, 

aMWMOTe ♦ &lv/f - M ^ rA •■ *..w*/u *■«-"•**«•>■ 

1 = i . i;«U00 o )P !S a 


/uoo iif 

iV 



1100 °F 


fi,V 


.EN6lM6AQtL>S ~ 

MCp£L. 1 Set ^x^.n'ifJe 8,/^ 
4£$Ur*vpf co'n$ l' 1 /. 



AMA-L-VSi^ : Ft rs~t t / i'x eacit o-f fhe prirttfpa/ states. 

i - * -- (t*oo 77* (100 -> ^ , s = (.OHS' 53 fc 

^*1 IW/i^s^S, => a0A ,it 3 (1^ = 911.7, Oft/lb 

*^3 *- 

■ SrATS 3 ;. j>^ - / ttf/in* ( s<xt. (i-ju-ut 3> b 3 » fcfl.Ti- Bfwy(b 

STATE. _^j_ b v » /i 3 -t- Or; > 

= tfl.T( ^ +• t £>.OtW4 
* dft.l* +- H.18 = TH.S^ 6*wtb 

Cftl The. >\e.V pou>«r •AevcAopc.^ VI** o^c/lt ui 

w c^k * W t - W P * * 1<K' U >3 -(U,-U,)] 

= t*xlo‘Jt)[(<SK1.1-9lia)-(«,1«) 3 8U./IW 


114 *lk" 1 

_. 1 BU 1/ 

It* 2 - t 

nftfMbf r 


|(^00 -0 T^. 


- £.S^ x/o s £>H*/l\. 




0®J To +U«. c^de VVt/vwxl eff-ict'cwt^ , -k’vst -fmd VU*- TrawsVcr 

TaVt to tV*. iootU-wvcj 4t,iAA,d {pi^iS\'w.Cj 'VtvrOixe} 1 *- VUe &Vfio.*w <^e. wife*, tat-. lUjus 


Q 


VV\ 


- ^ l k,- V H ~\ 

= (\.H^uo b ISST.T-74.Si') ftijb 
= 2.°<* e»k>./k 


Continued on next slide 
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Problem 8-9 continued 

't'Warrv*'! e^t-Cctev^q i* 


VJ yto 8 . 

“STT “ a^T^r 3 0MX ^ 


(cj For -H*a covv'rrol Volawt ewcAod^ 4 Ve cWe*s«r 

O - -^wf v + v^CU t -U,) i- w> cw (^cw.u “ 

\>>V\€r€. vv\ tw U -+-U*. wuo;s -Wow r^c o-f +*"*- cooWk^ w*+*r. tWs 

yyi Ws ^ 


W\ 


c*>o 


C Vv 


tvJ.out-V 


^ C**#j i u ^ 


For +Ua cooU^ uio-'Ver, Ir*^ « U.jf CT 1 ! • Tkw.$i ^i 1 ^. ‘U'ta '^' rcYV ' TlxloU A-21 


Wl 


Ciu 


0-h xto^ iWm ( qu.z. ~ ^.-w lew u» 

Cmb.o^ - a.e.o») 

- $,n xio 7 lb7h w _ 


n 


V*Y 


cyo 
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PRO&LEM 8AO 

JCjOQtjjM » fS 0JO*k\Uq Plui^l lU aw idt^l /?ft mJciH£ Ccj cfg . P&tel&ne. give<\ 

IU Pfdb, & <?. 

£mh' PW C&,cl\ <?( Pkt tO-ltulakzA /i* Pfdk. 6.*} Versus tc-*A4M.ser pwrstu# 

naiAJjin^ -firo^ o.4 fo /*?.? /tttw* 1 CoRj/ttujf ££a*j nscfe r 

g£//€M4TT£ $ (rXU&QPfrrA '. Sec soltihcn^iu Problem <?.?. 

EN& f A/gggf rvJG ftlQD£t : 5ea £«rvip[c & J } assumptions J-4. 

/ 4^AL^5fs : rr co^Ce. t£ u*e^ -ft? 'ft-e djxU, hr + ke 

ce^uCns^ p/ofe, fk^juUUs cure pr^st^jhut -for pLa /wo fflvufmj' cater, 

IT Code 

pi ® 1600 // lbf/in. 2 
T1 = 1100 // T 

p2 = 1 
p3 = p2 
x3 - 0 
p4 = pi 

mdot = 1.4E06 
Twin = 60 
Twout = 60 

hi1 = h_PTrWater/Steam'\ pi. Tl) 
si = s^PTfWater/Steam", pi, Tl) 
h2s = h_Ps("Water/SteamT p2. s2s> 
s2s = si 

h3 = hsatJ^xO/Vater/SteanrT, p3, x3) 
v3 = vsat_Px("Water/Steam'\ p3. x3) 
h4 = h3 + v3 * (p4 - p3) * (144 / 778) 
pwl = Psat_T( M Water7Steam\ Twin) 
hwin = hsa^PxfWater/Steam". pwl, 0) 
pw2 = Psat_T("Water/Steann ,, l Twout) 
hwout = hsat_PxfWatei7SlearrT 2 pw2, 0) 

Wcycle = mdot * ((hi * h2s) - (h4 - h3}) 

Qin - mdot * (hi - h4) 
eta = Wcycle / Qin 

0 = mdot * (h2s - h3) + mdotw * (hwin - hwout) 


IT Results for p2 = 0.4 and 14 7 fbf/in 2 


p2 (Ibf/in2) 

0.4 

14.7 

hi (Btu/lb) 

1547 

1547 

si (Btu/lb.R) 

1.631 

r 1 631 ~ 

h2$ 

667.1 

1066 

h3 

40.49 

180 4 

h4 

45.25 

185.3 

hwin 

27,63 

27.63 

hwout 

47.7 

47.7 

v3 (ft3/lb) 

0.01606 

0.01671 

Qin (Btu/h) 

2.103X10 9 

1.907x10® 

Wcycle (Btu/h) 

9.46 x 10® 

6.669X10* 

eta 

0.4498 

0.3497 

mdotw (Ib/h) 

5.765 xl0 7 

6.178 x 10 7 


Continued on next slide 
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Problem 8-10 continued 





Wt see fro™ fig plofs 'fUa-t 6.S <jurJ.(M$e.r prtjjuyc rtCCYeOAfcl , tW ^vw*v' 0i4fv<t 

iv\arew<s as Aoa<, -Vw <^tcU.+W maI Cffcc.i<vu*. fw.rfW^ less Is v^ecfeJ 

iwi -VW ur^U/) tc. +W C-Ooli** ioaW''EtouJ jafe dLecv^ses 5U‘*jM:W. TWe tesuijj 
<x-r<e -^W. dUicurtiVv*. ot Fig. 8f0>) in Sec, 5.2.3. ^ 
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PkO(bU=M 8 . 11 


fcMOUJNj - WftV" ia 4Ue. wov-Iti'nij -fl lu'o( in fin id&x/ Pa.nlcii\e cwcle. t>a.lfi tare *nv<n 

iV Prob.g.v ’ 

R./VP- Tied eacU of Hte ocAAix.-f-f-J- >es cfifcti-U+^ct in Xi’ok. 8.^ versus s-kaw 
^euerwW |?rfstur< frenn 7So 4-o HOOO itf/in. 1 Ma.iVaih f0*.$ftUt+ sfftuM 

■fl.ouj ra,fe a*»J fwbine inf«+ +c.WLpi rahtre . 
iSc£f5/ M-TiC ^ £4 i/£AJ 7H~D4 ‘ 5 cc solu.-f-tj-* 4o Probl-e/vi g 
£.fJ&[/j&€glHg r MOt>eL : fiee Sxat^fle g.[ ; ifems J -4. 

A~ai& t//^i^ : 5e£ 5° ILt-fu^n ?fd>. S. 10 -fos ■fUe IT C£>d.t, £esutU$ <ir«. .y <~es-c.m\?J kt/-c 

■fOv tke. ■fvOo lrUM-V|‘v«j cases. 

fT Results for ol = 250 and 4000 Ibf/in 2 _. 


pi (Ibf/irP) 

250 

4000 

hi (Btu/lb) 

1581 

1481 

psl (Btu/lb.R) 

1.852 

1.497 

h2s 

1035 

835.8 

H3 

69 58 

'69 58 

M 

70.32 

81.53 

hwin 

27,63 

27.63 

hwout 

47.7 

47,7 

v3 (ft 3 /lb) 

1701614 

0.01614 

Qin (Btu/h} 

2.115 x 10® 

1.96 x 10 s- 

Wcycle (Btu/h) 

7.629 x 10 s 

8 872 xl 6 8 

eta 

0.3608 

0 4527 

■ mdotw (lb/h) 

h 6.734 x 10 7 

5 343 x 10 7 





p1 ( |b,/in J > pi (Ibffin. 1 ) 

W« See. from -PWe yloVs -H-'&t' +Wl po\>JeV ouj^Kif- a. wio^ivu^M, bwl 

•TVt 1-Vsywal uAttf'tfi.sfis '■otVU steuiM p/e^su.^. 

fu/T^VaA, lc>SS li fCjficfe^ V\a 4ViL CtTn^JU'lSer' ( S t> -fW Cool'll^ wA^/T 

-fCuw ifoie dcAA&uAMi sUaWKvj, r^i-s cmsmW ) Sec S«.=? *3.2.3. 
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PP^SLew 8.13L 




A pouJ€v~ w.$vv\j R.-2.2 ' clj.+U a toorUi^ 1-lwlX is LA.wJ.e.v' 

i^'ev^topvnfiu.^ b&.4€ct e>v\ -fUn fctwbiHe c^jcle. Tkc. eksifeii v\«.f 
■poww Fu-l-ef- state, txu-et atfaLlatk cooling 

cj«,Hv" ^r^«^(3- J ruVe aift sp«ct^|e^. 

+U*. -pr-eUAM'AOiTy ctesi^w ©f 4L& c^jcle , <?s4-'iwa.4< +Ljs. 

■JfUe/w^l e^Uiewctj av^i s4*aim auut c©olii^ kwate*- >£tc>w V-«4ci, 


E-Al&mJfLgglNfi- ?,= I -toMflfc. It bar 

“ ” 4 , x s. SO*£L ._-1 

Ofeifttki o,V sVe«JUi tWa .Wrkwe a\i / V i ( i , ■ ^ |-1 —*>■ W+ 

a.re no s+ray heed - tenMsfevs tetw \ Ni Jjy bwwz ——® 

fl-Vwy totv,poti*w4'*C.'3) KvVis-Vit av-A, j! jO/' *• 

POpeu.-VC6t\ ev\erqy ef-f-ccts ar-e. *'*SoU*" 

'n^Ugvbte^) S^4wt<iU Utuid VrX fUecter &n<fc»sw pj=T-*- 

fc£rp£ 4ve- Cdnet-e.** g r. v S' S coofmj 

C 0t4*ev a.sju.*v^>4T»*\s JUsuwW. J _pu«f * uiafer 

b«[ouj irt Atveknin-r -kW* L +—/TY ^—i ^ ^ n o f 

AesUO 4 JA* ---X 

Vp Sft-Ll.jui* 

A^JA^VSIS '. To ry^oi-Yivvt n.* ^«rterw\a.vi.ce 44* l* (testable-pit af -Hie- co'nrfen $t/ 
pr-e^sujre be o.i low <x£ po^'iUe, fb<- - J n. Utv ■, Ts^ - 30. i5 °c . 

wiVU 4Vxs tV,oi'cc , 'i+ i& UUely •fkct’ -H^e. {ttupeva-Kwe o_i£ ©A 4Ua coolly 
vjcdr'&JT" natsii^g +Wou^\a. 44-ve. cowttfwter*' ujeu.^ bte, abt>wb i s c c. 

TuvAUeir, & oWara.c+ev*LsVCc vafixje. c4- Y\* « 05 e / o is rect<b ov\n.U k -fcrr- 
4W- fp^Uv^martj £ksigv\. Al^s; 'Op*lo 4 / D , V>j’i 4U 4W^e cWoUes ^ e^tc-U 
priVicapaA 94tx4e caw, bt fC^eA- 

l l P( = It bar , T t * S o°c =t> bj i . ( & k^lk-j J S t » 0. Mil wFLj'K: 

5-kt-k 2. 1 JI Z tar 5 j,j *S ( =i> bj.1 ^ Z(f 1.1 U-O'/kj . tW S) wjfU ft* 
■Htvbin© ef4-<.'c.i<viet| 

^2. 31 ^\- - 2k3.z 

^ fi ~ tZloa^Tj / k u,iA 3 A O 

Stele H - ~ ll 3 + ^3 CF*(- Pj) 

tLu.^, tuiVU +W, ^avwp 

U 4 ^ W 3 + (U^s'^^VHp - &Z.31 

'dtivfc =■ k,-V» = i'.‘J8to/k 9 ") w*|vi-w r |iC, . 

w f l* - Vi,-U, > cm Ml 1=3 V Vr- -.- -WS1 _fl; 

«,VI<. ‘ K-V, =■ ,8 ‘" 6 ^ J 

Foir a viaT jiow^r ou+piM ©■(■ \0 Ki*J »• l0jOO& Wo I S 

v,' _ Mcijjcle _ 10,000 UTls l3tooj&I . t„ ,i 

>M*|^-'Wrlvu * $.*& -0A1 VT/Ug I I U |- 4lSc,x '° - 

V\ tv j ^ \\4 c T**j} , w-vV^T* ’(■low V^cu> ^ 

. _ (b.SLxcafr ei.^o) t * 


7“ ^ 5^ a c 






C^nJenSfit* 1 


;^W< 


Ceofmgr 


\knts~ [I.LO^^kwJ 


Ya - 


Jtoo5 


C.OVW (2.<wio) 




C' r ‘a-) t o«+- Vvt^.iu^ c in.43 - 83.140 


^35.53 KiO bj/tiv. 
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r*06LEM 8.13 


KMPmN Re-fri^dVau.4 is H.* \ajotV »uj fH.uw( iw> a Sokr powje*- p\au-f 
Opefa-Hi^g ow a. RAv\lcV*\e o-jcie. Tkc. +u#Vi*e iWet sfcde «.*.<! 
fve U7\ultv\ter pressure a.r<. {c-wo^m. 

EifcLB ■ D-eVevwwvve -fUe thma; mwm possikl« Sclav* coUecfar suicftufje 
CLv^<x pfcv" kVf (Atve-lopedk fey Vkc. plaud- 

5CH-SMATI.C ^ 5Wfc*J DA-TA* . 


T 


fccfc- 



I * 

C3 =C> w t 



£*Joi UESOt JUG- i 

iM 0 ftgL.: , (_i) EacU conVol vcUxwic is «■+ sfcdjj^ $We. (z) 4tl promises of 
+Uz vx>ovk.\M.g fltM-d a*’*. iMfevv\r*lU r<vcvsiWe . (3) Tkflv* a.rc wo Sfvt^ U«a.t 
frvttwt ?-evs t <\w^A fcU soIa.v* vewiicLTiav- fi-vd ow fUc. ftollecfov* is absorb^ 

fUfl. -f-Lu.ul. ll) kvweHc cx^cA jpo-ta-w-fud ^.wt.v-gy efftc-f^ a.v^ 

v^e^U^ifcVe, (S"J Covut&M/sAfe e Cifs +Ua coud«wscr <vs sodu^rttteol lfewle< <ct 

(a bcwri. 


ANMNStS ■ 

5icst«a • 
Sfcde 2 .- 
Ifo-fc i - 
Stede. 4 - 


File <2ack of fka. principal sfw-fes. 

T, -bO*C , s-o.f.-v<y»or =£> h,= W/I«g , s,= o.g<)7J UT/l^.k, 

ft-fc kov X-,. =.0.<?7^7 , K,. =■ Z?5.5^ kTlto, 

» fa bar t joJ, t i^U'id -^> ii 3 * 77.*/6 kX/leg 
iiv ~ ^3+ “Xi ^Pv-P 3 ) 

= 7, -“ 8 ^ ♦(<>«<. *.«r»y^ C4.S.3 -MW l^^ll-^l 

= 74,46 + 0. 84 =. 8C.37 LT/1^5 

TUe i dcoif Rartltmt cytle dc£cv'*V)«d Viere r<o\A.lr«£ fkz vy\ iVnVnu (3|*% -fo 
£tev«f©p i WW UKd.cr +W j5vescvU>eJ> c.tmsfnuwV -far fccvffae iW«t sfoJte 
<XUtt CtfwdLtujer pvTt?suv«. Tkz ywixs* f-to uo ndt of refrigerant u <?Wa.ikeJ( 

vv\ [_ Cfi,-V»t.^ -CU^-ViA] 


'ftl c-hcIc 


ott 


‘I 

xk =. 


0 kTl S ) 

flTS ^ ~ l S S.5 V ) - (- 6^ 'l 1 = O.C5//2 


kg/s 


"TVu.S ( VUjJ. tVNV'AV IWU.VA. valu.G of 

®.\V (^,-Us 1 ! -Ip.o5iiZ- 80.31^ \^~r 

4 ■ Wg ] 1 feTf£ 


=. 10.00 IcW 


( w c 5 isr'] - 

\ cX'^'C^v- / kV/vv\^- 


w>' 


LW pOU*tr~ ^V^loptet -g ^neg . 


J.rrt^sitll ities 6r h«<x+ Vunffer ^rt>rv\ HtUa collec4t)v~ ^o vll 

\resuiV ^ ^rta^eir coU^cVor Bci^ 
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P£DBLe*A $a5 

JPJtf UjM « A Cctfrit vapor powjck- o^tJjL wtt?oti-fie4 4o /nc /u*^ ~f6u, 

of (I'V'CVCirs f il\ fix cuduxb&fti e^panftCrn. <xi<d Ctnfoflresstow* 

processes. 

jE-LHE-* J?ep«cf 4ki of P^ob/e^ g .3 -for iUt Modified u^cXc. 

S£U£MVnC & CrU/g*J T>A-TA ‘. 



ElQ61K)6.S-gt»0(r 

; (*) Ecwrk CDYV_fodt«.+ ii a , ^a^».£d. o-S (X, Control VoUj.v*»< ecf dx.aJ^ 

Sta.'te.. c 2 .) TKa processes of Wo- uJovVi wj £C»jl»-X Iia, fCn boCkrCUuji c«vcdU v^stv" afe 
(V+€rrta.tUj (T€'/eirs'tUft. 1,3) "Tta kxvbiwe cowl W-ft, py^vwj opa^iUe actia^Kcctll^. 
CM) )Xil\e.tU. j)0'f<.i*. , k«.l Cwevgj eft-ecK are v\€jglig'it>l~c., 

ANXU-.VSIS: fiTovv,problemS\?,W k » 7.724 •’‘t tj/Uj «.*X V kT/U. Fu.f4Ue*~, 

^ts ' <727.2 &1l<y <XvJ U 45 = IfOl.t. WlJg. 5 J 

5W^ u * U x = U t -^CUrU^ =• im zt. 7 UT/jcj 


SUti « „ ^ Ua = U.t(U Xi -^,)/K= i5M.t\,j/ kJ 


X\ ^ - k 2 


© 


(O.1 ibt *4'Ue\rmfl.1 efficie^CAj ii 

Vl - | _ (&Qc4l vU) ^ __ Ug.-tv 

(Av / vv} - U 

(Jo) The. UiOrk v-aVlo Is k 


0.x^3 ( 2 2.3 i a ) 


K 


Wr 


lr\ u - U 3 

rtr* 


® " v ~* K, 

Cc - ) F<v 4 Ue- boiler: * 11 SS .1 kT/ 1 ^ < 

(M) RvfU* oowJe/is&r: QouA/m - h x - k 3 - 3^7 Ur/|^ <. 


buJr 


Qy^/vv x 


6toa+|m 


t* ^suM - 4o -+ke -hhev^mal e-fi^ici&hC'U t^lcu-laf<4 in 

problem 8.3 3 Wc iv^r-ev'Sibi I ffics *'n -f-lie 4-uur cnV\e ^v%4 jf u ' vu p 

gr^a+Uj ^e^Mjce4 H^g- 44vey-maJ e^jcievtuj, 

1 * Tie bflxk vooirlc caiio 15 vymjlcI\ 9 reA^er+U<^K ~VUe recall 0-p ?rt>b(em 8 . 3 , 
fv\<XvCd4m^ (Xv\cr|Ugv J $ ijVM-f-ica 1*4* «4+ec4 c4 lvv*cV^v^iUili4i6S* 
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PJ lObLEM 8.1(0 

KUauiAl: Wo+e^ iv+k* uxn'kikj fluu^ ik * sv*fle. v«*p<9< pov^w jskuct, "CwWjv arc 
<3 i’«m 4 of Various sWes Jia +Ue. t^cle.-rk* fw.rt»ik« >ulel 4-t,r*p^r.jokAr«. i« T. 

HiJ^.- (<m fof T=5So“c, die-U^Mi'ni -H-®. 4uvfciUe e.*l+ ^woUkj *mA -Hhcl c*^cl«. 
+U&VYK£c( C-C^icitMCu . C*J 'Ptfl'f- *fk.€ <flA£X.rt4-»+ieS of (JO.V'f (*) £$-T T^aV^iCvJ 

-frow\ 5 Sok> tocr e c. 

P, a M> MPa = too W 


SfHgMVrIC j tSrW 6 A.> PA-TA : 

T 




SSo'd i T,‘ !oo°c 



■v 8 "- p Pl =ap« 

=-d,c»4j Utr 


Condemer 



O.oC. W“ 


ed6lK)EEfc\N& - 

f iP0t_LU. See Ejfd-vufle 8,1 1-4. 

AliAliJ^lSu' Rirsf ,Cw eftek $f kkt jmwkpiU $ feUes,. 

5kiV i f> * too far, T, -fit Sfwfe m +ke ur*. ;$» U, ,s, 

SfakT- f z M s». 3 = s ( gw«s jt as , k rS . Wow, k,- Ck.-ktsVKj. ^ 

SkUg. i Y t ~0-o<t '#o*‘ l saMigutf 4> kjj-iJ'j 

Skk4: K* - U ? ■+- ^ £ p 4 - P ^/vi 


CO 


4W uoarU, of- H-l cx^cit- is 

WuHciy Wi Wj 


^ ^ -. tu.-Wl-OM-M 




IrVi 


-t«y IW. , Gj,\»/k\ - U,- W 4 

'ikuo u _ ^“yAt.1 _ C (,U^~ U 1 ) 

G|»/vO\ (\, - k^.) 

(X) IV 7; 'S&o'Cj r«.We >4-4 k, = 3575.-7 l«3/(<j , $, s 6.8447 IcJ/^K. .Tkus 

s ii iS . sC,,S441 ^ ^ ls = 0.60^7S V 25 ^ a 1 07.6 IcJ/l^ . WW4 V\ t - 0.85 

U z = k,- ^Ck.-w,')' 3 J5T5.1 -(.BSV35-7S.7- 2;07 .b) = 2 325.0 ^T/t^ X z = 0-^0 I. 

FuaAW ; &<rm TftkW A - 3 , k> ? = I 51 -5 3 UT/k^ > Vj = t.ooMXfo" 5 . TkUJS 

U 4** 151 • S 3 S + ( '‘ 00<,4y '°" : *> ZL ( ' 00 * O- 0 ^ W| l ° 5 ,^| | !oVJ &•' 82 " ) 
--It3.8 yr/^ 

^Joi>0 . , . 

CU.-UQ -CU^-k^) _ C 3575.T -23Z-8) - Qfe3.8-<SI-g3^ 

^ C'^4-^4') C3S7S.7 ” lt> 3. B) 

_ o.3tl.«___ 

34vl-^ 


Cx> 

Cl) 

C4) 


M. 


Continued on next slide 
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Problem 8-16 continued 

tb) Tbe dcUa^ -for- -fie. He^ju.w-'Cist plofs &r<e obi-cun, )T } a S -To Holds : 

IT Code 

pi = 100 // bar 
T1 = 580 // °C 
p2 = 0.06 II bar 
effj = 0.85 
eff_p = 0.82 

hi = h_PT("Water/Steam", pi,T1) 
si = s_PT("Water/Steam", pi, T1) 
h2s - h_Ps(’Water/Steam‘\ p2, s2s) 
s2s = si 


h2 = hi - eff_t * (hi - h2s) 

h2 = hsat_Px("Water/Steam" > p2, x2) 

x2pct = x2 * 100 

p3= p2 

h3 = hsat_Px("Water/Steam". p3, 0) 
v3 = vsat_Px{"Water/Steam", p3, 0) 
p4 = pi 

h4 = h3 + (v3 * (p4 - p3) * 100) / eff_p 

Wcycle = (hi - h2) - (h4 - h3) 

Qin = hi - h4 
eta = Wcycle/Qin 

?iorS' 


IT Results for Ti = 580°C 

h t * 3575 kJ/kg 

s, = 6.845 kJ/kg K 

h 2 = 2328 kJ/kg 

h 3t = 2108 kJ/kg 

h 3 = 151 kJ/kg 

v 3 = 0.001007 m s /kg 

h 4 = 163.3 kJ/kg 

Q. /rh = 3412 kJ/kg 
in 

W . /m = 1235 kJ/kg 
cycle 

x 2 = 90.1 % 
g = 0.362 



Firtjyv, T-S 5ee 4W I^s T; 

ViaVd-. lUs, X x iuc 
ef cocW^iVvv. ma 

<U<>0v/e. jplo'K 



I i\ Cr*J*SZ$ f p£> | trthj Z $ z Vvvo vc +ka_ 

■re o-scs. Fiwr+ker cm T, ii*cre<i£<3,+Ue «.vevoyt -kv^ev-oW-c 
W'ZASci. lVus / v\ {narejxses \'udLic<dte.<A it*. +W. 
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s-n 


6uu0i ; Water ti -H*e toov46i,Mcj ’Plu.U iu a, f2avLk.a\£ ejjcte wihU sixp^ [viol^ 

V<^or +be. teurlome.. Tke states af NH^e Pattern e. - a l«f uvW 

dOwleascr elf Vt dYe speci-fted avui +UvteV\e aaet pump Lse.tvtvcpi.c 
efftettnctes Are fjWeA* 


ElMb De4t-'rau ue. lawf fria/n-fer rate'for -fie sf=e &kh ^(wra-te^ par jpj »f 

Uream Aow j( b) et-Pfcceri&M _, a.-vW £cj 'fite rate £>f he^cf 

Arftie Cm^ror, per kj pf stew 



’EiKaU^EEg'Pfj MOt>£.L ’- Same asexample ©.1 ji-fcms l-4 1 e^Cepb V\^t* o.a &u4 Vj^o.T 

Ammxjs[s_: Fro^ probkm fi,2 ^ U> - 332F4 U- 3 '^ a.u.4 V\^~ 157.5 3 Tke. 

Sfeeitie evirtUalp 1 ^ crb Stete 2 is •fau.vxoi tumjpke 'teUrtlUe- c^icie.ntjj ' 

= Tv^Vs ^ ^-0 

From ProWm 8.1 , a zoo^.G . TKu/i , lo fc = 2272.1 WT/kg. Similarly 

Vfe&^S- 

Fro^vi Problem £.2. a s - 1 bl.'S*}. "[teas., lcTlkg. 


£<V> Fo r 'f'lae, tor-fro£ evattesiHg ‘Hie. sFearn gS'He-rx./or' 

^ ^ ^ ~3 321.4- 165.^ -3LSS.S kT/j^<, 

(Jo) T^ -Hiernaal e-P^ClC|A<^4 ivS ~ ^ CU ^ ^ Q ^ C ^ 4 - K 3) 

, ®fw/ (_W 

^ne^/v^ ^CU v -U^\-CU 4 ^U- 5 \" low. 3 - 14*vi ~ 1034,9 tx/fc^ 

V-S -JL 

kc'l For -FUe. conitevisor 

©oaF- VVS c - W^-U, - 27.72.1 - J5L 51 = Z\ZO. 

-—---aa___ _ J ___ ^7 

i.These, r^saifc CA,r UJt+i\4W$« c>F pribUm 8,Z4o &e e come sP 

4ke Wtetes of \WWWSiUiH+it£ i ia 4kc. ‘Par^me a.kA, wu-avO or -+Wl (deal 
R<uvWrt©.a^cte' 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





?f?0(6CDV\ g.tfc 


kMOu>M : Wa-kr is -Hie workf -p.\xu{ tw & Ravi kin£ <xjc.l-e . T^<- Cow denier 
pr««suve «iwd "IW -JuvIoimg mid- sfek. afe Specf-fied- Tke vm« -f-louj 

()f S'k&fVv VS Jj IV&IA j«vut kwfVjirt e £j.n.M pu.vv\p e#ictertcieS afe ^p^d-fi^d 

Fitop • pepev-vvime c«0 -+U£ powe^, (t>J 'ttie. rate of ■fvuwdcr' 4o Ht-e. 
S-V^ttvn ipassi-tU/ 0 u.jk-Ht£ loovkr, anrf Cc.)4ke-4Ue,»n(nal «-ftieienOf. 



AfJAiYSlS: FirA-fOf eacti ©•£ -Hit j>r i*v\cipal s'fa-fes. 

State U p t - tfcOW, T, - 1 56o J C =*> v\ x - WbS.H k-T/l^ ^,.5-|3i k3/t^-K 

Skde 2. • p^=o.o6 Wv-j s i5 =s, =i>, y _ S J± 


- “ 0.77S3 j k^zoa-r.o^ 

*3” 


i . i 7 s 

Tne spoci-f ic cn+K.cdp^ k_ is -$e>u.vu4 u-siki -Hi«- iseivUispOe -UmWii 

e^CcieMCM. 1 

^ k ~_^ => U,- V^Cti.,-^ »22S|.3 kTlij 

S^cik 3 • o.oBVx^Tj £ck ti’^u,Cd =& 1^=11?.S8 
5 WA.’ p s =I 6 o bar, U 4 * 

IV?, 


• 113 S6^ -v(l.0034X10 3 ) ^ (IW>-0.D§W |- , ^ 


I lO^Ulrr?- 

1 ikr 

1 ) \qcmt 

ioVm 


s 140,01 )OYl<4 

VdiA-fW efficicuc^j *. Hp = CU HS - ^v)A 

Vv 4 ^ Vi 3 +fU^-k,V^ = H2-8fe kJ/lcg 
(cO TVjtvui,V ^ovoer is w^tle * vVi[cU,-U^ - U A] 

= lh3kyid s kw*_ 


(,b) For 4ta steam passiVj -Vkv'Du.jk -ty\e ^-tvera-W* 

r^"i s 0‘ a - o )t3Mt5.M-l12.8t}^| sS.'HlkiO^WV^, 

C^lWAWwiaA ■of^-vci'Cvvaj {<, =. £>.3fe5(3 b.s%y 


W cyl<t- 


GiV 


&x 


X 


Continued on next slide 
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Problem 8-18 continued 


(pi <=4-s, av* rftevel o\iqA vwu^ 


ITj &.s-fclt©uos : 


jT Code 
pi =160 //bar 
p2 = 0.08 //bar 
mdot = 120 // kg/s 
T1 = 560 // °C 
etat = 0.85 
etap = etat 
// Turbine 

Tlsat = Tsat_P( M Steam", pi) 
hi = h_PT( ,, $team ,, 1 pi, T1) 
si = s_PT{ M Steam", pi, T1) 

$2s = si 

h2s = h_Ps('Water", p2. s2s) 
h2 = hi * etat * (hi - h2s) 

// Condenser 
p3 - p2 
x3 = 0 

h3 = hsat_Px('Water", p3, x3) 

// Pump 

v3 = vMt.PxfWater", p3. x3) 
p4 = p1 

h4s = h3 + v3 * (p4 - p3) * (10 A 5 
h4 = h3 + (h4s - h3) / etap 
// Cycle parameters 
Wdotnet = mdot * ((hi - h2) - (h4-h3)) II kW 


Qdotin = mdot * (hi - h4) II kW 
eta = Wdotnet/Qdotin 


0.45 

IT Results 


0.4 

0.35 

Q in = 3.927 x 10 s kW 

O 

& 

0.3 

W cycle = 1.434 x 10 s kW 

a 

% 

TO 

0.25 

eta = 0.3652 

0.2 

h, = 3465 kJ/kg 

£ 

0.15 

h 2 = 2251 kJ/kg 

QJ 

£ 

/r 3 = 173.6 kJ/kg 


0.1 

h 4 = 192.6 kJ/kg 


0.05 


0 


PLOTS ' 



turbine and pump efficiency 


1 ! 1 -'-1—I—r—i— -1-i-1 

0.8 0.85 0.9 095 1 


400000 
350000 
I 300000 

l 

| 250000 

•§ 200000 
C 

£ 150000 

P> 

£ 100000 
<u 

50000 

0 


/ 10 A 3) 


turbine and pump efficiency 

As taA ike pu,w\p tseivtroptc e■{£tclender decrease, -He k\e4* pc \p&r 

dwilopiui de.cr<iAses cautkj iVv reJMczd -effccUhcu. 

"fWW&cd cUavu^e-S slVjK+lcj. ^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 















PROgLtM 8.1^ 

Icmou>N ; T*v^ I'Ll*-*. (£&.* N .k.iV\ t, Cycle *-f People**. & is -fo 

irttludc +K«.+ tHe 4 'm.'* b i‘tae o-^ti pv~*p tuck k*. wl ^ ij<nKipi't 
* f’f' tk e t/i c ffj &Q 6 /q . 

f/^-if) _■ 4 a^ vwk e £•+' l *-» "M. ^ f> o vu-r.s-' dt v-t tc pe d, C^) -f k* *|j 

kH*.+ V*»r-f*«^ "ti -+Uj <*»*•--f-t-x. 

^CuareL^w, (C,^ -f U-». ■€■ f - fi'c** ^ <♦*</ (</7 -f^-* u’o/uul^. fv i‘t 

A^ti- tjf "fX-# tcoli’ty Ca*. 7-*v- ^kH^Wk^ *fk» Com, d e Af-e r 

SctfgMATlC ^ GAve/J DA.T^ -. 




E^l^eglUl Or 

MQfofcL’. Same CT.S Probkm 8.<\ } 
except 3 *lp = <5. 0 8. 

4M4c\f5|S -■ Ftcv, Pnobk-As 8.<t J k , a 1541.1 <3 W (V> , s, = l.(/SI S' 6h*/ lb .'R. 

fcvjw V» 3 - fcn.T* 8Wtb. TWt spctiKt ew+Ualpy a* sW X « WuJ i^Ck- tU* 

H^Vtvwc e^Uc-Lenctj ” 

m *v>^ U^-Wv . 

* CwJwO* ” k,-U.iv ^ a l ' l " *l-t 

Rrorv, PcobWm 6.1 , = <*U.X 6WlV . TW , Vl^« <*g?. <* 6k,/lb. S.W,U*l« 

+k * specify. eM^p^, <*.*• sUe *t II WU turns f u,»*p efl-iciWa 

r CW r /^u ) ' “h^-bs ^ 11 -» a *j + f u h.- ^ 3 )/^ p 

From Problem W, Vl H1 * H{.%1 0ki/lt . tW, V» m = 1S;I7 «u/<b. 

( 4 ) The. net pow/e*- developed i s 

-*m- fk„-k,i]UM k/«* i^»t(is < n.t-iiiu)-(7s.n-69.iH)] ^ 

|u\ tL. i x _l* f , _ , ^ Tot XI 0 Bkx/ k ^ 

tbl Tk 4 k«,a.+ tracer rate for Hul Q*mefAA«r it 

(2,-j, ^ vnfU.-Uyl ‘(l.Hxio 1 ' IWk^f ISM7.1 -7s.n leiwli 

'I.OblXlO 11 eh*./k-4__ 


IU 

^cvcle 


<5iV 


CCV Tkt +kitY^KiJt €4 4 tv 

vv = llljttoe ^ 0 

0.; H 3-0HXIO' Uli7 » U7.1 f a ) --- *i 

cdlTWe t-atij f'.owx »at« cooU’kj ^aUr -IVowjK +w ctm£k)ute»- u 

% - ,C i.4xto u ttlOC < tni4-(.M.nH)RWU. . „ nfc ... . 

- ^iw.w { Hfi. o't - Xfi.OBlCW IL> {fcO mi«/U| l ’ 

W '^ V W = tr* Cfco^rl = . 01 LO 4 ft*/lb , (Av*) = ^ m Cw * n,tl^ fl (A*~ l 
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FR06L5M &,ZO 

^nJQuJAJ ' W^&r is -H\t wovki-PU aI^ ik o- RoM\c[v\t wjclg,. itit- c&wieM$e*~ 

■pressure. a^j. in\e4 sHwje are spec^To^ .%t mc.rs -fUi^ 

fQ-fe sf OfOa.i/V} i£ <^Yv€tA Aywd'tk.<i-fxJA~h\i4-e. OA^d pt-tivp i-Sf^-fro pic,£($\oc 


opic e^icie^fe’ 


are kmiuM. flv^raWm am g i v&ia -ftr cool 1I3 uj#/fcer ektenlo av-</ 
■Sr^Vti Kg f\t£L u’rvvsUviser. 1 

FjJxTp- l)-e4a/vvvi'iAe. (<*.') iMe net* ipDw©/^ cvviiitO 

vvi^s -Oou) nctfcz of CootsVa iwkcW’ rpikssf'w'j '^krCLr^^ -ii^ccudmur. 
S&46HMIC £ MV£M DM-fe -. 


T 

l 

z~ x "7 

A 


f&Q W\ f 

l 

\ 


/ 8 \ 

! 


All \ 

f 


A rJ ^ 

\ 

VI 


J O-O&'oaT 



/3 S Ufa. Z 



S’fcC'C 


•-': ■'■' ! -®<= 


; i.-.■.■<= 
>.' ■ !' !■;•' % 



i 


p 

b.E; ...;■..■ 

rz~ 


o - 36°C 





E/J6<^eg(?/jV& MoS£l ; SamtcLS Prolohvn &.z y £xcep^- vj^ cQ.se uip-^Or&s. §\sc, 
We. vsamt 1-hn.f-fke. (Anso ts v-ULs^aMe -for -+U ce»liW pw&mo 

TWrtiw^H “tkje cxrAJtW&Uj o^J. '-Husf k « KpCrj. J * J 

M/J-lVsiv First, f (ix each crP -fkc. pYncJjAl slates. 

S~Me t.i p> <= 5c feav^ T ( - i’to^c ^ h| a 3-S'4‘J,3 k^/p ^ s { s i.^cTi kT/^.i< 

cl. J.. ^ ^ r _ . <■ c- 


g'fate. ^ •; p^=<D ,oe kdu; s tS =s, *%> . 5 ^g 


„ j S 

Lls^ 41Ese^4mpic -htrmvie. ^PC4ei&vit>j 
^ h — Ia ^ . . 


At 


*=o,&2^ j h„-zitJ.e CTh 




^ A- *zm.t 

% \ f?=OrD 8 tor, Saf, fi|ul<< =^> U z = H3.SS k=T/kg 

f\ - 80 ^ A * Ia^ +■ % C^-pg'i a 

^ n3.ee I ‘j£+ ci ■ &ob+* ff :1 ^ ceo-o,os)v «H 

= i8l,^Arlkg 
CsiWj Ike. is-ertltr)p\c. jpump elfi’ciev'ty 4t>gs , f U 4 

V* 4 *_ U 3 ^ VV^3 V V = J83.SS i^r/kg 

C«i TUe. Wit- powe-r cieve-lDp^M is> 


)0 m|vm 7, | 

'ikr 

J i ocvr 

l0 3 W-w 


k.T 


^(^,S kg/s) CC354 5.3-23 zT 0-C lS,Si5S - “ 

-qnzi, w* - 


I kw 


<3fs 


w< 




(b) To T\vil Ike. TWeywiSLi P-fTic! , -f-\Vst - «eJt . 

A ^ r 1 1 \ £i ^ lrT\/^ t ___ Utt I l lew 


6kr- ^^.8^ y'?54S.3-|&3.SS)^ 


■ 

'3 


I 


-rws ^ = f4^ i2( = 03s , Cs3 ., %i 


-2^,121 VW 


A 
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Problem 8-20 continued 


(c) Tke moss -fLaw role &£ ced iWy wahr |cfssm^~fkrci*|k 
m£^ v -k 3 ) 


V>1 


c 




wi+k W cw * k^cx) 


Yv\ 


C\Aj 


(l,b ^(s)fz3 V7.1 - 113.68) W/tg 
(ISO. 8£> -7s".S<S) tT[^ 

22-?-( |tj/s *•- 


ccn^ixviSer is 
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PR06L6M 6.2) 


kiN&CDM '. A vojicr pUiiU" o^Ltok^ okr state wt+u waW" as 4W uoodtivu 

4W4 . "Data. are bvtown af pnVjqpar sWes m 4iue. CMCie - 

Ft^’o* - "P-e^evw'inee-ff-iciev\oj k (Wtk CtO"HA.e rates ©-£ Ua.f' 
kYOMS^V Gtu\ tCv^A. <5>CR/t , 

■5~ct4£ftWric f r gyvEtJ i>A~ta ~. 


Steam generator 


State 

1 

2 

3 

4 

5 

6 


P 

6 MPa 
lOkPa 
lOKPa 

7.5 MPa 

7 MPa 
6 MPa 


TCO 

500 

Sat. 

40 

550 


h (kJ/kg) 

3422.2 

1633.3 
J9LS3 
199.4 
167.57 

3545.3 



Condenser 


MEffiE L . C 1) fc &c(/^ CpVvj'Tol volu-Vvt^ o pev'&tes od oi-ctie^ Cx) The 

■kurlo^ «mA ic^t/Uj ,C3> ktu el^ a«4 jpoftM-fW eheV^j e#4efcr 

AnMXSIS: <ai TUe -fWrmaJ e-ft-icicnc<j (s 

V\ - _ fU t - UA - j f 

= Ow.a-l(.33.3-)-Ci«tv4- W1 ,M) / V N K 

13S4S.3- Vl.5l) ' 0,52 '( 52/1 ■')■*— 

(b) for kk<L 5fea»r} tp^em-for 
© (2 


- - (l* ^-X3S45.3-U>-7.9l) ^3~ 

* “3 

5 4,0*54 *! O 4 kV .4_ 


{ UW 


1 klfs 


Ou 


U-\ 


Pov 4Ue CoV\4&v\5e/' 

Q^-- v*( K~ l^ycrco (lfc33.3-Wl.83) = 1.13M0 \w, 


&Wf 


l. Na4«i -s-Wu^ WsaMos^ Adm -The .>tpma befwee-w-Hv*- fttavp otM.-fk> 

o&JA&coJrO'r ^(LAAMaAtfr^ oovxi fu/dome, ^subt. ih 

&V\£^vj u^Oi/cV C GuA UHrjtttwt o^Lkxk\.(n\^( ips t^H3r' be-lnq ctw&tO|XjJt • 
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froolem 8-zz- 


kft}Qco>iWufev is+Ut u>©rlcnvo| •f-lw-wt \‘ia «. vapor- power- plawt. 'Pah*. a*-« known 
*•+ vavioui locA-fioyis > (Xn.J fke hnass -Tkiuj raic is ^ivc-w. 

Gi4fi,: erwxine. 0*0 -Hse. ncf poujgirou-lpvof > ib) ■J'ke.v'tMal effictencMjte) -five 

raie of Wa.+ -h'OM.jftr from+ke l tine am^ecKi*) Ae sf-cavvi ^ev,«vUw- oau/ 
-fUt fu.vbike % «v*{i(ctHike v^ass flow rale of cW<leM.jer cooli*^ u/<jujevr 

ggUEMAnc * CrUJEtJ t>flrTA\ ^ A 

*''>«- ^ i - 8e 
_£_ f^ s ~' 

-_ „ _ _ _ ^■1 TurtMi* 


HBo p c 

HHO*C 




ji T,*H8o e t T^aWc 


P 5 




Canoe - 
Rump 


| VR, 

* £ s / O K P& 


35^ 




n v08 
T 


a 


ft 


Cooling 

*3 ter 

■ F K Pa. 

■ Jb f C 


/5*fc 


EMi(M£EClUg 

FVodel^i) E«.clv Comp^nea-t- ij anO-lyi.e^ *t cc 
COn+nol VO(M.Wte »+ S+€o.JLilj sfode. (.2 ) "T^*. -kuvWwe axJl 
pv-iw^i oyeva^e. adj>lo*K'a«AUj (^3) KineH-ik. 5 -pof«vsfiA( 
eweirgy effects OVc nejlig iile. (,4J For- -fte cooliVw. 
aSsawe, W^xkct-n. 

AvACVstS '. Firi+j tix eO-cU o-f fiie. ^iaHc,tfDa( Sfafes, 

5 fo-fe l 1 - 8 mP<^ ? t,* ** 6 o°c =£> k, -. aa'te.v u/U-j s t = £,.1,534 fcr/kj .k; 

Sk^s 2, ■■ p l -*7.6MP«, J Ti-^0 o C =v> 9niti'pol«.+ii^ - j in T*JoU A-*t j 

3152.3 ij. ~ fc.S-S-zb k^/Lj.fc 

Sfafc 3 : 54ate 1 is -f-cx-td u-stKj f-kn. fiAxloine eH-ioitmij . F'.rs-Vj a.4 - p^ = /£> k Pa.j 
S ss ’■S^. ‘ fc.5524, =£> X 3J = 0.18 7 j h 3J =■ 707.5.0 £3*/^ . Tbjus 

vj . t/*0 _ W^-U^ 

1 (W t /v*Os ~ ^ ^ ' K.- n^tk^Vijs) 

» Z 2 |(o,3 

FuAT+k^r, W t 4 V k-j - iilb.’S k 3 /U 3 « X 3 -.8%( 63-. WS 6 UJ/kg.^, 

H. ■ ?^= 8k Pa , y Ty-ib^C =£>. V> H *. hf, Cr H ) = tSO.Bb IcT/kj 

44»te 5 •• b 5< {s In^-r u^cp s -p H ^ 

= (SO, &t -I- (1.004,3 X,o 3 —■ 'I ( 8(> -. Ofe) brwr (—\ 

^ ^ ^ N V been /\ vO 1 M m J 


/SO. 8 b f S.feWfe = (SI. 5/ tT/k 


TVvu.s ; \4S\Ag +^e pmwAp efficient^ 


V\ = rnf s 
CyJ p I vv\ ^ 


L£i 


Ky 


k* e - Vs, 


:: 6» Vl, 




b..g> 




•) 


iso.8<. f (i*MJ_L!££^i) 

« 6d 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















































Problem 8-22 continued 

C*) "Hie, wet power* output ^ we a.ie e-w^rg^ aJ. /vl&-su ku.laMce$ 

-the, tonbvl vo U^mei s^KnPLM-tdA^ f+jt herb) we omU. jjn ^ *p4£; 

W t -W p ^ CtV\ x -UO-(^ s -^>] 

U^Se-rUi/t^ \J0 JLu«* 

't) Lf32S2.^-2Zlb.Sy- (|fc0.fc<l-JSO.BbJi^ 

- 8J4>f X(Q 4 I cVj 
(Is) TUe +kc,^*w*.l ls 

a * 


l kW 


,wT/i 


W c/y:C«. 


e.na xj o' 


vxfk.-u^ 0?*3X 354S.4- Ibo.^^I t 
- 0.3 22 f 32. 2 % \ <------- 


(.c) For (k. cerrt+rol voLu.w>c. ewctosivx* 4k*. lint cormfcfm^ +Ue 
gevwwVor wv^L -Hm. ^jwb(we. 


<rr 


0 ~ Q 1( Vt + 

% 

" YW ( W-L- k J ^ 3251.3-3346.4) 

^ kj 


I LcW 


1 urU 


--7443 kW* 

(jk') T^e r^iACi 4 Low ra4«- o4 c&oWw^ ou«4ev 4Wwf -ftrcwv. 


or 


0 =/r)^, trn a*-U 4 ) *- y4, Cw CK Cw}j - m - U CWj0 ^ 

( U 


Y'X* - ^ 




VI 


(Si 


■*t 


(V cu 4 jOUt+ " tO 

From T*W* A- ^ U tw}>8u * ~ UrC-55°o1 = \4b.b& kTlL- ^4 U . * L< \x v c)* 624*1 W/fe*. 
LJ^Sevkw^ /ft lues 


*A* ■- f«- s 3 ¥) V^V«.*<n *- W k sk 


Wh 


c\& 
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fP-O&iBM S.Z3 


KhJQ i /Jt-2 '■ TKe PowU. 11* e. circle of TYflfc- 5.4 is vu.ocU.-ii -fo \Vjl effects 

6>r {Vic.-K<rw. in +W Iuac cortwecftwj +Ue s-KA-wv-jav^tvo.-W' +© +ke 4<^*'tnlA«^+h^_ 

CtrwLeAwt^ fcuJl +U€. s4ta.iM ^ju^surah>r. 

Ejf-ip - Vc^t/miuc, for +Ujt-M.octL^iti/<xjt£e C 1 ^) -Hie pocoe*-- d.-z.\f<Xop*-£ t (.l>) 'Hi? 
fUtyv^oJ CtyicitMi* ,(£) -Hit Wbxk omJ (d) +Ua was -PlouJ rode, e-f- CotHm* 

ioaJev' OKa^vufer. 

SCHg/Mn^. j 6/✓£*-> DATA : 

ivi *1.4 l!>A\ 

„>! * («C0 Itf/tf 


T 


(t*oo il4l.U^ 
,500 mim 1 


((OQ'F 

(ooo 






T, » ll® «T frSJ 

il ' -Z* X IIT-Vw T “» l « h- 


w** 


ENCU/££R||J6 - s 

tA OPEL ;(0 6suiU cc>mp^nc^.f is etiAaJyzeci <*s a* com<#VgI 
'/oOutMe QLf S+cfrMf sUie.(^) TUt ktrbt^ 

ia<a_+itUj re^/er* iJal*]* (3,; ACiikei-tc &a*A po+e^EiaJ 

tte/j I i^iMe . 14) For ^M- CooUUj ujofev", aim^ Kc^UfCrV 

&H4±iilL' FVrst*, fu &wxU. of prmc\p*.t . 

sifliaa : iuoo iwj,u?, 7;* 'too -r 4- u, e isn? bwh>, s, = i.^is" owit-s 

S-toH z • Px= lSt>0 (<*f/r«iT,Tv*■(•*<> •=*” SkUlt^Sj.: UpOOH Bf«/No-°£ 


3 : 


ri 

ft 


'(.© lbf/i«. 


3 a ^> 


* 3 * 


•$£ (• l»oo H -0.13 Z7 

" (.640 3 


s 0.74S 


o^« ~ *?-' , 4t-(p.7 < *s)(l03f.o) = 843.4 &W'l> 

lUe 4 ~- R,=o,8 Ibfli^ r t -4<p®F ^> H** = 53,07 SWH> 

5^ v Spi^F) z O.tin &hi/H>.°£ 

•\jr * i£c?o°F) * O.O/lolO fr 3 /l\> 

Skfe^S/- ^ - kp+ Ti} <> s -R^ = ?S.07 «S# 4,(0.0 Mo £)< Ml .I ^ 1 1J ^ 

Tlte neV- pouJov ci*v&Lop«^ i^s 


i 6k 1 

•n&fl-iW 


W 




W.*Wp = M [tu^u^ - 


(l.4X(O b 'Vu^f'H^O.l -&°I3A)- f t*l.n - JS-OTlJ 

- 8ag(c A/O 8 6 Ha/W *4_ 

(b) Tfe efficie^ctj U 

]A Wujfjtz VI 

M. 5 ^ " 


Wc<^d l< 


Z^(a ^ i q 8 


C>IvVl 


^\{U ( -U 5 ^ " 0'^*10*00541.^T-HO ) 


- - ^:::? - -«■» - 


-H 
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Problem 8-23 continued 

(c) ttsiuig -TUe (jAeAnt"f (Ota. dt- Rj-37t> jI fW hMvf ro^e. (S 

/ r Weoi - \ _ _Q'U = 2,07% /.(o^ eUi/U. | 34t3Bk<./u 

V r<3>e J 


vv, 


§.z8C xio® 6 Ka/U 
= dlWkW-W ^ 


l \c\fij 


U&xf m it 


(ft) Mo.4s a/net 6/iev^y feo-Uwctfj -/trr t'ka ^otuwe <t\clorm5 4-Ue cev^d&s.ses- 

ce C'-f -follows: 


or 


0 >^?v"xWci/+ V^^Uj-UO + 


VW - vv, 

tw 


^ ^4 




' Utw* 


T*We /)-2£ / - 2 . 8,0 8 BVa/lU evui U tw kf(80°P) = 48.0? &W4>. 

, ifej ?8.c>7\ 

^=0-4«o‘L) — 


2.8.08 


= 5.844X10*^ U>/W -a- 
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Problem 8.24 

KhJpm N * 5 ~ S "fa't e op*ra *fi' d t o^. proti d ^ a- V ap o r* 

po^>«r plant- uX u>U.'c^ s ey.'tj + K e Wb.«« a s ^+w v - / ,^ a . 

IC-jy-J-v-y^ ‘^'*> < * w<f »-* ttM/o.ra^e T ; ^ d. co«j„i^ t ey,-ff- 4 *c. 

C it* d a ^ j-f r V- f- | oujer + K *■ K / „ 

F/KJ^: <*■! R. T~ So 0 /^ + L—» S+<fc»v ^^(,/,-f^ <*-f- -(-U* +i*Kl»i»M2. 

tit. t ^ +i^* ‘"a.st -fd**''- f «• K ^ an J 'K* J tyclf t rn^.+J) i-fj- l 'cJ-e^ry_ (tr) P f o + 

+*-'» «jvjftn W K*! vertm T -fro^ So do /OS°/T 


SeH’crvn^iTtc <££ ' t/£0 : 



eftL'Itfetlifter MOpei : 

i * C&«1ygI v/$lu *vl e£* c ^ c/^UVn <s C»tk 

pf\pi*\t* p *-l Coupon p*i n I 4 A-f 

S4eWy Sfdf , 

2, Th^ pu»*p £<*<J op^r^f<- 

^<LtT -*!? #, |yu I \y m 

?- If^inehc/^ofCM htf-* ene^y Ln f^ue*ftC 

+^u^cKifr 

cud e*+trr -+**-* $* + . A* ^ tf r<j , 


A^etS'5 -. R rJ+ f* e*<K ~f 4 k» p*«>* J ,« k i *+~U t T= ?o°r ; ft Tfcb ,«, „.*g 

M ISI?.*«W/b, 5,*l 7tST *+*.//* .Oft. Tt,»n. u..^ S« = S, ^ 7^ C A-Z&' 

XtS ' &7^ ~ 7 ^ f . g ~ ?:W3J ^ - 0 -^35- =*? h M - 4 -S.d -t(p.?3i)(io«.3) s <723.4. BW/t 

<J T 2 e>3 Tt- O-oIJI^ v 

THe*i, ^ 

V\^- h i- rJu ^ tij i h, - Vit (| 1| -^w) - isr>.& - 0 R(lSPJ.$.<f2?.'f) * <Uz * BV/fa 

^ Xi - 'iiliil- f>. gqz ^_£*• 

'043.S 

A-t S+»X* ^ h 3 = fJ r T°r)= 4.3.1 BMU» • Too^ ^ 3 ^ v 3 CfV~Pj") ; or 

H S = «)tt| ?$1?5HSF5}.| = 441 8 ‘-' fc ' 

TV'? m 1 r 'fa-’- 

A p- ~ e> W~ *n t ‘ 'frt-HiX 4,3.1 •* t -4?- 1 ) - 4.U 
1 u„ u, vs- o. a 7 


V|*-K3 


T 1 ^ 4ko»-»vi<»l >• » •» fy <4 # to+»«.. <1 < 0-0 

r\-~ '* j±kz. - ~wij ^ (^-^ 3) . (j Si?e-m.8)-(^-43 .i)_ Q %2 

<S.!n/ii. ISllve - +f .4 

(AAkW)|«A^t| 

(S33.7 BW/b) 


Tki |^Ajf tV A^X^, ^ 

vUwf + 


V-n “ 


4,.4-lX.to iia. 

tv 




W\ 


^t/M)~C V «P/^'l 

The -fur Wta- r<^u,Crt^ j>fofs wt £>t>f«LA.n^ usimj <T ; *s fotl 0 u>s : 
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Problem 8-24 continued 


IT Code 

pi = 600 // lbf/in. 2 
T1 = 1000 // °F 
T2 = 80 
T3 = T2- 5 
p3=p2 
p4 = pi 
efft = 0.9 
effp = 0.8 

Wdotcycle = 1 * 1000 * 3413 II Btu/h 

hi = h_PT("Water/Steam", pi, T1) 
si = s_PT("Water/SteanV', pi, T1) 
p2 = Psat_T("Water/Steam", T2) 
h2s = h_Ps('Water/Steam", p2. si) 
h2 = hi - (hi - h2s) ‘ efft 
x2 = x_hP('Water/Steam", h2, p2) 
psat = Psat_T(''Water/Steam", T3) 
h3 = hsat_Px("Water/Steam”, psat, 0) 
v3 = vsat_ PxfWater/Stea m", psat, 0) 
h4 = h3 + v3 ‘ (p4 - p3) * (144 / 778) / 
effp 

Wcycle = (hi - h2) * (h4 - h3) 
eta = Wcycle / (hi - h4) 

Wdotcycle = mdot * (Wcycle) 



IT Results for T i = 80T 

hi = 1518 Btu/lb 
h2 = 982.9 Btu/lb 
h3 = 42.67 Btu/lb 
h4 = 44.9 Btu/lb 
x2 = 0.8919 
r\ - 0.3616 
m = 6409 Ib/h 


rcoro: 




As S*c tAj'CV' -I-evwuji ua ov-et ( 4W. t-ft-iciewcy ^ 

fy-ytdtzA- o- ( ^uu^loviAe tu ortD ujcs oajuSl 

wul ^5 -pltxo twcrcajcs. 
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PROfttEM 8 .25 


: VJcUev if -fiie WJO fk /Vic/ -flu-Iif im <l Sfvrpt* vesper- pou^e-f plcurt , 'Pa.trx, 
are knouJr\ at vaflios iocutccrs, 

FtM D • T^eitriyi \v\e (&} the net (oe>rk perui-uf vwfcSJ af s-fc^t-w Ucto.tkj -fke 

transfer per utu+ l^APf $f 5 -fe*m pqcsikg {Uroujk the bet,ier t (e)-fUe, 

thermal efficiency f Id) ti\e b*A.f transfer per Unit mats e{ 

pASltnpj throvujk tU&. cowieaiCr. 

SCU€MMlC DATA : 


7 

i 

~ $1oO*t » 

1 

1 i 

\ 1 

j 

fi&zbtur \ / 

[ i 

I /50bou\ 

1 

// \ 

1 

i 

4j// 

V Q.b \fivf 

4*// 

V 

-D.o^bAr is £ \ ; 


i^in P,~ 1&F\Pa.* /Bober 

,7 i * n + - 0.&3- 


+ 2 r z » <9,00 fear 





„ /j - O.O^-S 

7i=2fr s C 


\p=o.-?7 


1 " p L P 

£M&tKJE£fcllVf& w> 

MoD£L' 0) fac-U. Coy\trai '/oiu.rvte sttouj/i (5 &.f- .s-fea^ty 5-fo-"fe.C21 Tke -fttviivi* 
0U«I Hv£piA-*Ap <jp ecote ft.cUft.W4-ica.U<j-(.31 t^iwc-f- it o-fel-i+r a( e.ntftfjtj e^fec^s 

COM he lAt^ltcfed- 

AaJ 4LV5^ r . Firsf, £u of-^ke pniici/xU sW«. 

slafe l : p t ~/©0 k«r , "* S'to^C ==£>■ k t ~ 34^*4. H UT/kj ^ - 6.4 3*52 tl/kj.K 

Sia&e.t : first, p^o.ofcW,, aid s*sr=S p =<>>r iS = 0.1S183, h zs * M82.+ kcr/jtj 
Ustkg+I^e. -fu-vtniist efficicmc^ ^ v^_ - -k*i). 7~fucr 

U- k ( -V^rUs) -ZiHS-lc ksrii^ 


State, 3 ; Frorvi TaUe j4-2 , /^> f>^ 5 fe» c - stale 3 is O, Suk-cooZ-et 

l inutM sh?4e . Since. -fA pr«ftine fs fouj . keca^o, 5 /0*7. o7 /cT/fc— 


s fefz‘r- first, kvs *-h 3 -h-V' i Cp tf -P - 3 ) 

= /<?9.©7 -fo?^>ci o' 3 ^ 3 )(182 - O.o45) W 

= J3.7-3t 

t(sikj f^e ^u.Lwp efftclewc^, Hp = ^ki/^-k,.)/(ky-k-ji Tfvus 
^ - k> ? +- fk Vs -k>V^ * J32.78 k3V Ug 
0*-) Tke net Utfrk j>«r oVt-t- yko.5s of sfeftnvi -fiovJis 
Ernsts, = Wt'Wp - 



' l IcT 

j i bttr* 

10 l M ^ 


W\ 


(3MH4.H -2245.tj) -((32-7 8 ~ (0*5.07) , 

. N75J kTfkg^_ WatfUtm 


£.b\ For tonfrol VfflItJ'-wc &nc.kasikj +ke £fe.a,M pass ihyfUrOi^h the. boiler 

4^. = U.-U N 


m 
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Problem 8-25 continued 


Tkus 

t 



►VI 

= (3 4<tV.q- f 3? 



= 33 1 1 .(s lcT/[c 

(c) 4fv 

err yux( 0-fAc|em 


M 

W<Lu| (y\ 

Q iW rvi 

(0*1 

TW ke<x+ •frCkvr^-Tcr' 


’5 


i ns.t 

33H.G 




- 0.3ST 


K 


^ ®f sk&rt* Covwi&uS'ecf is 


QowJ- 

i/W 


-^ 2 MS.fo -(oCj.o-T) kW(c 3 
= 21 36.5 _ 
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PRotueM 8, zb 


KMo w>kj ■. TVi-t , hu.rV)i«fc 1-c. +■ fd.w.p.era'ka.ve <kw«t covist-c ^)03^tu.r<. 

Sj>4CIitie.tt fv\ +Ul plr-eW'wsiw avy *4- Ct, \ta,pOf plftilf 

wiWv wfl.4ev~ at f ke workiivj f- ^ a\ 4 . Tke. +u-vlo‘'*« t-W-icliV'.ty 
is alto k-iAoum, 


Pi mD •. Detewnike. +ka sfeaw* p^e^Juf^ r<-«'Avv*«t*X if -fUc soA-lily 

CtV exik Vnu.vt- be a+ lea.t+^ 9 0*Yo - 

3Cl4BMftTVC j frW&U Wfr l 


T 




G20 a C 


portsa r* 
iWv*r taLlij 


(p b wr Z3 Z- 


EfJiSrlfJgEftlAJiy # ^ 5 

rs\oi)£.Ll CO tWs Covvfrol volu,rrte \S G/t" $W.<xd,y The '[■UArbvhC 

0>pera4e.s a.dxciio^ica lUj -03 fGVie+tc o*v\A yo4evi + iAl e.v\&rgy effecis ftv'-e. 
Y\egli<j ible- 

A-i»UALy^J&_ ’• For C-wtA WktM« ii*W k<,ift*,jvtv r akArc_ l -fU-v^ of t&i\ ^ualofy,?^ 

dectea-ies 45 furtive iwltf pi'e^u^e 'mW/^eA- a t/iai «mA error procedure uuu 

Qlse useA +o fwA y, cJWespc>WV4$ + D ‘x 7 ,- < io% M5t«g k&fele cia-U. A-i+cvt 

kkWhvN i \T Gaik c4v\. is*. ft fn?Oo fc. o la*>r' |o (TO Lw cu*^ J J 

<MMxw<C\az. -IfW-Ctrrr^[ 10 /vdii *3 i/atcuU 1 ^ Xi, 

IT Code 


T1 = 520 II "C 
p2- 0.06 //bar 
pi = 60 
efft = 0.8 

hi = h_PT(Water/Steam" p pi, T1) 
si - s_ PTC Water/St earn". pi. T1) 
h2s = h_Ps( M Water/Steann“, p2, s2s) 
s2s = si 

h2 = hi - efft * (hi - h2s) 

*2 = x_h P ("Wate r/Steam l \ h2, p2) 


IT Results 


Pi (bar) 

GO 

60 

100 

120 

h, OcJ/kg) 

3469 

3447 

3425 

3401 

h 2 (kJ/ko) 

2404 

2361 

2326 

2295 

to. (kJ/kg) 

2137 

2090 

2051 

20ie 

s, (kJ/k<j-K) 

6.94 

6,786 

6.661 

6.555 

s?« (kJ/kp-K) 

6.04 

6.786 

6.661 

6.S55 

_*2_ 

0,9324 

0.9146 

0,9001 

0,8873 



I' rs celpvq^ce 4o rocti^’^^ 
&t Wi-f Jo o-t tjetf- uf 

^ gfec-i^i fuWihe ’fo oa/d id uW^sf fabi* 
C-ffecfe, 
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PROBLEM 6.2T 


kMOiQAO; Waiev u +W working fluid. iw aw. Idea.t Rankine cycle. um’+L 
reheap. iJata. are W.aou>n at various locations. 

£jjo£L'. De4fcr<y\»we tUe +l\erv»ial efficiency of fUe cycle. 



A-maivsis : FVs+j fix eacU of -K<e principal states. 

Sfe fe I. : p, = <0 MPo^ ; T, -boo^c. => U t - 3fc2 5.3 CT/kg , s, a fe .402*1 l<3%-k 
AJcxt f skip to state 4 ? p^ s 6 k > * C.? k v ® 2 325\8 tJT/tey 

S tf-l-SmS IcT^lcj-K. 

•S-fcH 3 : Tj =» 500*c , S 3 «S V =.7.SV4s kT|lcg*K =t> Tw+enpokK^g Iw 

TaWe A-4 } p 3 *l5.T3sb«n- , Vi34T2.3 W7l Ly 

Woa» f SM« Z\ WifU. -S x - s =. fc ‘1oi ( i t:r{ 4 - Pa *P 5 =■ IS .73S =^> T>ow.ye 
inter folateo* iw Table A-4 gives V\ x st 3040,5 IcTllaj 
r'W-te .L- ? s - 6U R*,^ sat. liquid => h 5 = J 51.53 kT/kg 
Sjate_fo'. h fc k- U s +• 0^ (ft- P s ^ 

* 151.53 + O.OOfcV XtO* 5 ) 0 oo- * o<p ) l®"*' 

- ISI.53 + lO.Ofe = Ifcl.S^ kT/le^ 

To determine +W tkervwal efficiency v f-ir&V evaluate fUe Ket wxrrlc pw~ 
Ul.wi.-t VwAW of st-eam fCocJ 

^ -% * a.-WW(u,-W -Ck-U 

= (3t 15.*5 -3o4o.s) -Z325.8) - (lO.oC') 

- n 2 |.Z IcT/lcg 

Also. +Ue total Wat transfer’ tor tW WiWka /su®erWecctiw.<» , per u.wit vwacs 
of sfexcm flow is 

Gin / ^ * (> , “ V>*,) +(U 5 -U 4 -(3t25.3 - IM.SA) + ( 3 S 12.3- 3 Ok 0 .s) - 3645.5 

- 3*5? * **«■ CiH.ey.U-3 


1 |o s *J|r**- 

llcT 1 

| 1 bar 

l0 3 U-*u J 
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fJZ00L£M 8.2g 


fcjjOouK) i T^e ‘idea.| ( 2 c,wit in e cycle of - Prdb^eiM 6 ,^ "13 Yw-oArfiert V? infringe 
r'-tUca-'t. "Hve. wwisj ■ftowJ ral* is -H^. scmaa^ as »n Prekl-en fi,^. 

Pimp : Pi+erw^e -for +Uc. *vicx4.i.4 Ve^ cXjtl* Hit poujw eteveiopeJ t 

lb) +ka rrtte o4 -jmKV^ r -k> +Ue W6rltittj f-Au.< ua 4Uq r-etactf 

protf'is , oluJL C.C) +W +Uev F v*«Li efficiency , 

3Ct4€M&nc j GWE>J PA-TA; 




Ew&fjj££ei(J&- 

^UjD£JLl Sum as Eka^^U 8,3 

AAWVSfS : Firsf, fixfiack of fiuz prill c.ipA.f sf-octes. 

S4ak l ■• * fbOO /r t = l(00 c f 4> K s lS*fl.l Sj - (,|^5 Bhu/l^z 

54o.it. 2. ', 5^-S, - [.{j'VJS Bht/U»‘°ft j Safw.ra-fe^ Vtycr Tn,4-erpo /<c+ tH 

Table -4-3e; p* ^ ~}o.S t ti m * ll&l. I 6bi/ll> 

5-hUe 3 ‘ J* s 70,S IfeHiU* j 7* 3 * (000 •#* =t> U,«£n.9 3W(t,s^ i.%05 &ht/H>’ 0 R 
Sifift a. - p^ ■ 1 lliHii'i* | 3^* ^ — O.^OS ,> ^*v 31 f^7S»9 bht/Ut 

SJ«ie. 5 : p s - 1 j sa^. ^15 s* i't.'iy Akt/iii 

Sfa/g. fa ‘ if£ +• 15 Cp^-Pj} - 7 * 4.5 2 . (fstt PrabUi* £>.<i) 

(a) Tii* n£"f powJ«v rfeVeCcjjCit i,s 

- T»i L^i(vCi -W yl rU^ tUt-ks-^ 

=(1.m xto fc -p < K.‘*H'N*sz-w.t*03 


- (. U8 Y ( Q ^ Bhu ./ [1 


Vt^cl « 


CbJ For -fii* (proce.cc 

6 r«i«d ■ vJ.fh.-kKi-i «o‘£)(<s-n.<i-<i»i.i) 8 & = t<B «o'«i 


a 


VAc at 


CCI T^JL 4HAiLrAv(tX £-14 {XL* It Uj i£ 

W ^ W u*jcle _ __ 

6 , 1 , ’ v* [Qi,- O + < uj-U *S\ 1 ^ * 10 “ [ C is^n.i -m [)] 


\ = 


(pil^ MO^ 


* 0,TO (qi,8%) 


A 
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pjeo3<-£M 8 . 2 ^ 

k^oujfQ : Wat&r ■Hie two^fe-iVij Aui^ in «« iafea/ /?<jntiwe cyofe t«/M r^e<it. TUc 
^Wes at -ib-t Mete ~k> ktMi4wb i'k& Stages -H\e a> denser tx-i,f arte 
Specvf it'd*.. y 

PtMt> - ’De-tertmi'^e. (a'i -Hie route «-t heat (uietrf lino. pev U* of 5t€Am -PiouMMg, C t) 

tV -thermal e-tCiciencg >to +Ke rate <*>f- li€^-4mnr4W--f«r+Ue j 

aDHeUrtSev jier kg e-F s+eart^ Canoteutstwci. 
mC £ Q \. U£M DATA '. P( " 1 °_°J b< ~Tw*»e i 


SC H-6MA-TIC fc GlU£^ UVM '■ 

r i —V- 48c°c 


.,7;:4eo t, c.' 


( IO M Pa\f 

— 1 

>—< 

/ t«S> 1 ou.r \ 

// ox MPa 



If 7bctr 

i / / 

2, \ 


J (p kPa ~ 0 . tip Wv’ 


r £T 


4 ^ 


—Turbine 2 

**1 w* 


OtL 



s SpiUkalcd IkeuhJ 


£U6l?J6£jgf/0fr- tVloD£L ; 5ee_ 0,3. 

A^AWSK ; First, £i* alf o*f4ke p viKcipai skv^s. 

U p, = loo hair, T, -43o°c *=C” fcsrtkg, S t - 6 .S 2 8'2. Vsifkj.K 

abki: *•*’ W i *»' s ' * ^ifr .M4l» , !^= aMU urlb, 

Sieig^.- P 3 -'7 ta^T 3 M©0 D C =i> k^= 34 383 kxftg, S 3 -7.S123 Ulkg-K 
Sta-tfc^ ; p^o.ob WjS 4 :S 3 => % ^ S ^ ~ S F«- 


_ „ - 0 . 3^13 . U. = z^.b fer 

S 34- S 44 J 4 *3 


SWe^r p^ao.ot i>a.t. li«|vA,Cd U s =i5I.S3 k^/kg. 

« U s + V s C Pc ~ p 5 ) 3 

= / 51,53 ^+(fJ.ooSXto" 3 }^(loo-o.ot4t>a*- 

=/5I.53+laot = ttLs:? k-Tilg 



1 k T 

1 \axir 

loV-ir* 


For The Ccm-Frol vc>U/.m*- ^wcUs:smcj -tW ^.neraAor 

GU [CU-V^i^-i^] => o,* M /^ » (W,-IO+fh ? -UA 

*(332-1.4 -IM.S4) A (3438.4-Z^e - ) 

a 3413,4 kTlI^^ 


Q**l 


Gi^l 


*v\ 


W { 


y|tle 


Ws 


(b) tU& 4i\ermaJ e^|nctevtj£o is, in 

. * 1 ^ 

^<^cle/vv = CU - -+C ^”^ 4 ^ ~C U s ^) 

tW 


= fc3t.fc A loi-J.^ - (O.ot 
A ^ ~|^T - 0,41^ C^M °!o) s _ 


vv 
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Problem 8-29 continued 

{c) ^Fer +ke. col AdeviSey' 

6W " Vv%fh 4 -U s ) = li 4 -ky 


CD 


GUI* - ®'»lm- 

- - lt>3<).8 - 2.Z~M .1 kT/kg 


' ^425.4 -fS|.$ 3 - 2-Z^.I — ^ 

*3 




[ • Tk-e. resyjps of "H/vis g.v\cj,Uisl<; ( cwa loe. CovY'i>f*in<?-d 4W.. pc-su^is &f pfobl«yv^ £ 
+o see some of -rWs. "t£r n^corpovuH- FuA r-«-U«n± m4t> 4W ucJetU kowk-^e 

Cyde. <J 


8.*- 
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PR06LCM S.30 

RNQtAjfj: Ttie ideal RavikiW cx*ck. wl+U v^Vi^ai' of p^blem 8.24 is wiecU-fi ed 4o 

1a . . _ 1 * . .1 ■ I 0 t _ . . * , A 


FlKib' 


have 4urbm«. sfcwean^ pUkwp U-e-n-tyopice^f-ide-rtci-ts o4 8o**/o . 
hmvour -we. saw* ^aesVwUs as it* PtoloUv* £.2^ -f»- 4W vmxWwd tx,e/e. 

?r)OOb«r; 

, T;:480 0 C 


SaieMATIC £ (SVV£I0 PiVtA 

r 


■Turlvne I 


- l l*l tl:1k- 



IM 

—^ 

/ io mPaA/ 
/ l©» b«.v~ \ 

* j 

i / 

t j 

* 

i 

. // 


i 

W/ 7 z-. 

i 

; A 

j 

J k Pa, - Dr Ok 

1 


48o°c 


©. 


S**» 

**«*««• . •' V. 



4ec°c i 


v hr^r 0.8 

hp® o.e 


fCondiAici - ] i 

\ Qcuf 


45 4 


Vsj 


: 

: 


* o. Wi' 


S.«nwil lujunl 


gNJGiME-S .21 r%) Q- 1 M 0 PeL : S«€. Svampl'e {j.-} 3 except - VJ. e yj - q ^ 

A &4LHSL 1: First, eacU of fU. (principal stales. 

5iate]_i p ( - joo be©*-, t, =4Bo*b 311.4 kJlIo? s^G.Sze'Z Ua'lkj-K 

USm^ -H\e ise-wVropic. e.4C'’ici<.v\a^ ©4 4iii2Hirst-lurbine Sta.jjo 

v M: t - ^ _^ s ^ a ^ i“ ^4-^UrUz^ 

W\+U ^A-2.^ = 2-(o84• B kJI(c^ •J-fofvi ProbWm 8.2.4 ^ V\ v - 2612.1 U-Tll<* 

*■ • ? 3 “1 bar, T, c 48o«>c. => 1^*3438.4 k^lU* , 53 ^ 7 . 87-13 UaU^-k, 

SkJre 4: fbr 4W yccuind fu,rWne In = U 3 -b^(h a - 

Wit-U U^ s 242S.t U3\lc^ -fro,*, Problem 6.z4, \n ^c2.&>2.8.3 IcJllcg- 
§ ’■ p 5 * O.C-fc be**, sat. Li^UXi. =4> U S « 151 .S3 1*31 leg 
Osi kwj \Vjl U entrcp \o !pu.™p ePC-icievi&cj 

% = => = ^-5+ CV^-lnA/ty 

Vy»4-U l^(p^ = lt»U*3^ W-lUcij -from (VoW^m $.24 j tl>4.tl IcTlkj 

CM The heect cxdd.it unn us 

GiV(m *4»rV\to)+CU % -U^ =3 i&b.L, 


Q 


IH IVl 


Cb) “I’Ve v\<4* $>oioer dkvaU>pe«S, pc-r \ta o4 , U 

Wc^cU/v^ =(V\rW)v^'M-Cb b -^ - 13013 Idllkg 
11 a^ -HvewiNal epktet'evic^ is yy~ Wt^Ue f vH _ ^ 3 , 45 ^^^. 5 

6l> IvM 

(O') Tor'tUe towd^ser' 

© ©oi+/vv =• -^14,3^1105*- 




GouLt( 




I'TViese. v^su,li3 ca,v\ (ot cow^Dctr’^^ w\4^~Haos^- Probl^ir'Vx Q.t°\ 
sowi^ e^Pc4s 6^ 'kvrW*\0 \rvnUa£ HVcovi^(^ 

•p&r^brvv\^vvre ^ 44^ RanWme u^c\-e 
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energy transfer rale - kJ/kg thermal efficiency 


PRO&CEM S.31 

(p 0 RcJ-cr 4o Problem 


IT Code 
pi =100 //bar 
T1 = 480 U X 
p2 = 7 // bar 
p3 " 

T3 = 4S0 // °C 
p4 = 0 06 // bar 
p5 = p4 
p6 = pi 
mdot = 1 

hi = h_PT(''Wat e r/Steam°, pi. T1 > 
si - s_PT(‘Waler/Steam h \ pi, T1) 
h2 = h_Ps( 1 VValer/Sleam fc, 1 p2, s2) 
s2 = si 

h3 = h_PT( H Waler/Stearn' 1 , p3, T3) 
s3 = s_PT("Wate ri Steam"., p3, T3) 
h4 = h_P${ H Water/Steam lp p p4, $4) 
34 = 3$ 

h5 = hsaLP^rWater/Steam", p5. 0] 
v5 = v sat_Px ( 1 Water/S team" 1 , p5, 0) 
h6s = h5 + v5*(p6~p5) *100 


Wdott = mdot * ((hi - h2) +■ (h3 - M)) 
Wdotp - mdot * (h6 - h5} 

Wdotcycle = Wdott - Wdotp 
Qdotin = mdot * ((hi - h6) + (h3 - h2)) 
eta = Wdotcycle I Qdotin 
Qdotout = mdot * (h4 - h5) 

!T Results ( 0 ^ = 7 bar. 7i = 480 Xj 
Q^/m - 3914 kJ/kg 
Q m /m =2275 kJ/kg 
tm = 1639 kJ/kg 
q = 0.4133 
h\ = 3321 kJ/kg 
h 2 = 26B4 kJ/kg 
/?3 = 3430 kJ/kg 
^ E 2426 kJ/kg 
ha = 151 kJ/kg 
h e = 161.1 kj/kg 



0.42 

0.415 

0.41 

0.405 

0.4 

150 200 250 300 350 400 450 500 


^ = 7 wry 7^ : 



4000 

3000 

2000 

1000 

0 

10 20 30 40 50 60 70 SO 90 1 00 150 200 250 300 350 400 450 500 

reheat pressure - bar reheai terrperature - *C 



4000 


Xx 6 in tm 

3000 - 

N Q -jrn 

tm 


^ Q I m 

2000 - 


~ . ___ 


"1 - 1 — ”r- -—— r - 1 -]- *1 - i— - 

looo h 

0 J 

W^ycle ^ ^ 

“-1-— r - 1 - : — ! - 1 - r - 
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energy transfer rate - kJ/kg thermal efficiency 


Problem 8-31 continued 

Ch) Refer 4v (Vpb/em $.3o. 

/T Code 
pi =100 // bar 
Tt = 480 // °C 
p2 = 7 // bar 
p3 = p2 
T3 = 480 // °C 
p4 = 0.06 //bar 
p5 - p4 
p6 = pi 
etatl = 0 8 
etat2 - etatl 
©tap “ etatl 
mdot = 1 

hi - h_PT{ KP Water/Steam ,, 1 pi, Tl) 
si = s_PT(' , Water/Steam M 1 pi, Tl) 
h2s = h_Ps( , Water/Steam i> l p2, s2s) 
s2s = si 

h2 = hi - etatl * (hi - h2s) 

h3 = h_PT( , Water/Steam", p3 n T3) 
s3 - s_PT(Water/Steann ,, 1 p3,13) 
h4s = h_Ps( , Water/Steam ,, l p4, $4$) 
s4s = s3 

h4 = h3 - etat2 * (h3 - h4s) 




reheat pressure - bar 


h5 = hsat_Px("Water/Steam". p5, 0) 
v5 = vsat^PxfWater/Steam”, p5. 0) 
h6s = h5 + v5 * (p6 - p5) * 100 
h6 = h5 + (h6s - h5) / etap 

Wdott = mdot * ((hi - h2) + (h3 - h4)) 
Wdotp - mdot * (h6 - h5) 

Wdotcycle = Wcfott * Wdotp 
Qdotin = mdot * ((hi - h6) + (h3 - h2)) 
eta = Wdotcycle i Qdoiin 
Qdotout = mdot ’ (h4 - h5) 

IT Results fp? = 7 bar. 7% = 480 ‘Cl 

Cj in /m = 3784 kJ/kg 
d M Im = 2477 kJ/kg 
W cyclt I m = 1307 kJ/kg 

0 = 0 3454 
hi = 3321 kJ/kg 
h 2 = 2812 kJ/kg 
h 3 = 3438 kJ/kg 
h t = 2628 kJ/kg 
hi -151 kJ/kg 
h 6 = 163.6 kJ/kg 
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PROBLEM 0-3 Z- 

Kftj olwN : dex-Ho. proV*'ctecl for~ «n f d p*_fl /^AnK'He CyCfe 

4K*+ A^r re hf a +* pMisu^t p ^ ^f ^ 4 A-* 4<*r b jVv? ^ j 

/T/aj 5 : fg) if p/p l s 0,2- > t^here p, U» 4 ^ -fvv*-b i**C jAlpf p^rjju^^y dth^i^Ve. 
C ' c +A * UOiA <i i 4e <* u** U'hy *.+ -f U-C €_v |“ f ‘f"U^ 

P^-h- f u** ^ (x) W , fwi p> p ° y 


4k*. tic +A * 
co*4 

&.0S" 4*1*0 
se^^>N-ru TiAT^; 



P/ff 1 >AJ 

&Kicj| N Kj ^ MQtl^l. ' 

I' Con trfll VolJtvi^/ e«nc/^JiiAj <AeU o^ +Ut 
pf » n p#lI Coiwp £>H ^ |A tl *-+ 1 h*-*wd y 

Z * e^ck pcuu U rewind*, 

cuAii +U$ U*rb i'*f 4 fitjeJ e3u*-4 
^ptr^k, tty 

1- ne Wt/poAe* 'en^^y 6*4 m i'^ *-*>f e J 


rsu - <»> R>r -+U, Co.se P/P,- o^ ; «,r p = SDOlb-f/;*^ p^ H <^Ujk4<« 

o./tfa-Ktd iwfdo^-. rro^7*.bl-« A'S-G, W, a i+j^.j. g U/!*>, s, = /-S 141 W//^ 

\M.+V\ SjsS, *k TV^Xi A-H-G M S'Oelbf/.V g i'bj, ^ lltf-.q lb , 

{J^i M sH-fc*. % J V\J - i S to ,? BW \h) S_J — t-73 7-1 Q K*./ /b ■ o£ , Tk.«, w; 

TWUA-3& *-* H bifiJ'f $^~Sj __ ^4 

X + ~ V«~ "o' : <>• »M? =^? W = fcT74 + .«&?? 0O3(r.0\ *“? 7ft rS+w/le 

^ 1 " Jf l ■ § *I 

FV^ 7^ A-3C, H r * W1-7 fi»v/fl» fwl hf * \Trl ?1 -PjO i*s- 

K,, <.V^ . <w**£ («.-) £J *$£1 1^4 = ? ^ 

TK* VWt* vUfci > ^(p u C^ti^ vb J| V«Pi If ^ 

*, C K-hP^i-M - Cm^r J. „^q Wgy) 

C.hi-vifc^+Chj-k^ - ) " (i«?rz-»i) •* t 'fi*'?-) " 

(t) TA£ -ft rr rc^Luftd ptofs ove ob4^4^c^LW^ / r, 'foifoLUS : 

It Code 


pi = 2500 If \bffm 2 
Tl = 1000 irF 
pratio = p2 / pi 
pratio = 0.2 
p3= p2 

T3 = 1000 // °F 
p4 = 1 // 1bf/in. a 
p5 = p4 
P6 = pi 

hi = h_PT("Water/Steam'*, pi, Tl) 
si = s_PT{“Water/Steam", pi, Tl) 
h2 = h_ P s{’Waler/Steam", p2, s2) 
s2 = si 


h3 = h„PT("Water/Steam” I p3, T3) 
s3 = s__PT('Water/Steam", p3, T3) 
h4 = h_Ps('Water/Steam", p4, s4) 
s4 = s3 

h5 = hsa^PKCWater/Steam", pS, 0) 
v5 = vsat_Px('Water/Steam", p5, 0) 
h6 = h5 + v5 * (p6 - p5) * (144 / 778) 

x4 = x_hP("Water/Steam", h4, p4) 

eta = ((hi - h2) + (h3 - h4) - (h6 - h5)) / {(hi - h6) + {h3 ■ h2)) 
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Problem 8-32 continued 


IT Results for p?/Di = 0.2 (o-, = 50Q tbf/in.*1 

h, = 1457 Btu/!b 
s, = 1.526 Btu/lb °R 
h 2 = 1265 Btu/lb 
h 3 = 1521 Btu/lb 
s 3 = 1.737 Btu/lb-°R 
h 4 = 970.4 Btu/lb 
h 5 = 69.58 Btu/lb 
h 6 = 77.05 Btu/lb 
v 5 = 0.01614 ft’/Ib 
i! = 0 4493 
X 4 = 0.8695 


Plots \ 


0.5 -p-—- 

0 49 - 
0 48 - 
0.47 - 
0.46 - 

tr 0.46 - . — . ... 

0.44 / —— 

0 43 - 
0.42 - 
041 - 

0.4 4-,------,-1-1-1-1- 

0 0.1 0.2 0.3 0 4 0.5 0.6 0.7 0.0 0.9 1 

P2 / Pt 



•—t -1-1-:---i-1-i— 

0 0 1 0 2 0.3 04 0.5 0.6 0.7 0.8 0.9 1 

P*/P' 


The plc+s sWouu -t-Ut -K-tnn^l is retted pressure, vu(-Wv <*- 

^)jKr,vvkicm ok p x /j> •» o. 1 +o 0. 25. *<5 ■fW nV<SSuY£ uAcreAfes -fLe 

ok -PU fu/rUt*e e*i+ deoreajfes,, uAucA is CtfVK\s4e*4" uui-H\ po'm-f f cv tU* 


T-S Wu)V l iA (| -fo -fiu2 . 
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PROBLEM 8,33 


VCtoou >N : Wot4er- U uoorWiwg -t-\uA*Jl iV *.b\ Idea-l RAvtkmc. cycle modU^f »*.<< 

+C iVcluxie -rtivTec Vrbiwe Um 4-1\ rel*s.*+ b«U*jeev\ +^je.stogcs. 

pCL+a. ^1*4 k^oujvi (xf vArioi^s i o TKc p-^tj-Uv^e o ^ 

-rki i 4-eo-wi e*i k 4f*4 ***** -pi^ri - t • **-* ^ p, 

P ^ ft * £ & J X <f p = + H Pa ^ 4 <. Hy vVi* *7 £ -t*""-* w **- fcw pi r 1 / 4*-J- ^ i ^ 

tfc) +Uj ^ *p pa.r’h Ca) i/f.'ruj p A-a**^***} (yo^ 

0.5" *& 1 H. 



AA/4j -Y^^ : PMOr- p '4 !Mfy.=<<JC be*’''. First; fitK eack of ~U\<L pvihcipaf $fa.JeS. 


Siaiai*. r,-5io bw , T,» 520’c =fc> U, =. 313 3.7 krl l*,$,* 5.8357 IcTltj-K 

P,.- Ho bar ^ S 1 =S I , 1, t - 2b78.7 kT/k 3 

SW-H 5; . p % a H© bar , T,- H40'c =*> k,* 3707.1 ws/k^ , s^fc.io^i kT/kg-x 
j •• p^S bar f « H *5., ={> k H =-2785.0 kT/kg 
S-tak. S '. fs'-SW^T^Ho'c => U s = 51 08.M WYk^, s g =7.4fct kT/tj-k. 

IfftAt b.'- « 0.05 bewr , S t aS 5 <> Xy = .°l2fe3l } by » 2331.7 kTlkj 

p-, = 0,o8 bar , 5a*. H^u.i4 =i> h-, - 17 3.68 kT/kg 

bg * V^T + v n Cfg-p.,) 


S~kcVe. 7 •■ 

swe- 


= 173.88 + (i.ooSQxco-^^Cszo-.oe)^ 

- 173.88 +52.24) = 20b.11 kT/k^ 


to 5 m/m 1 

l Uq.r 


I IJ 
tc? 


Cal To dc+€Vmma +Ut *e(- ujofk. (>cr^ vaoas of sYam tlowiw, 
Wt-fcU tke Hwrbm« stoics. 7lvM: U ™ * 

=■ CW.-U*.) + ( U,-hA + ( U s -hA 

- (31377 - 2b7 8.7 ) +(.3707.1 - 2785.o') l~(lM&8.4 - 2317.7 ) 

=■ I7b5.b ut/U<j 
Ata<J.j (or +W pvu/af 

^ - ^8-^7 - 32.2b U7-/k 9 
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Problem 8-33 continued 


TUu-S 

V ' j A <A - - L-ffcS.to- 52.Z4, = m3.3 Ct/I^ a 

yvi vvv Vv% J 

For +U«. yjorUi'v^ £lu\4. pti.«iV^ -tWowjW +Ujl sVe<ww g<Me rex+crj 

+Ue- ■folal V\C<xf 4ra.i\rfcr 4W 'f^Uea.t -processes is 

*(W,-V*a) +{ka'’' f '*-) -v(Vi 5 -^h) 

=.(>ta , S.1 -Zob-IM ) tC^crj.l - 2(#n6.i) + ( 31 88.4“ Z'tBS.o) 


* MS^-4 

-VV.e 4’UeifYvvn.l eW-Lciev^ctj 1.S" 
Vj C^etg. l fri _ IT5V3 

Q.V/Yk ” ^ns^-4 


V 


0.438 £43.e°M 


K 


0O Tke cW«i -fev 4Ue v'e^u-ive-i pL°h; 

JT Code 

pi “ 320 n bar 
T1 = 520 // “C 
p2 = 40 II bar 
p3 = p2 
T3 « 440 II ’C 
p4 = 5 // bar 
p5 = p4 
T5 = 360 U B C 
p6 = 0.08 ft bar 
p7 “ p6 
p8 = p1 

// First turbine stage 
hi = h_PTfWater/Stearn", pi, II) 
si = s PTCWaler/Steam 11 , pi, T1> 
h2$ = h_Ps("Water/Steam\ p2 p $2$) 
s2s - si 


iT Results for tb = 4 MPa (40 bar) 

hi = 3133 KJ/kg. 

Si = 5.835 kJ/kg-K 
h 2a = 2678 kJ/kg 
h a - 3307 kJ/kg 
s 3 = 6.903 kJ/kg-K 
h 4s = 2784 kJ/kg 
h 5 = 3188 kJ/kg 
5s = 7.665 kJ/kgX 
™ 2399 kJ/kg 
h 7 = 173 6 kJ/kg 
= 205,9 kJ/kg 

W . /m - 1734 kJ/kg 
cycle 

Q. /m = 3960 kJ/kg 
m 

ti = 0.4379 (43.79%) 


afe ob|r^i»4«t usluj \T^s 4t)U^os '■ 


// Second turbine stage 
h3 = h_PT("Water/Sleam" h p3 r T3) 
s3 = s_PT O'Water/St earn' 1 , p3, T3) 
h4s = h_Ps(" Water/Steam", p4 r s4s) 
s4s a S3 

//Third turbine stage 
h5 = h PTCWater/StearrT, p5, T5) 
s5 = s PT("Water/Ste am \ p5,15) 
h6s - h_PsCWater/Steam", pS F &6s) 
s6s = s5 
// Pump 

h7 = hsat_Px{ AVater/Steam', p7, 0) 
v7 = vsat PxC'Water/Steam", p7, 0) 
h8s = h7 + v7 * (pS - p7> * 100 

Wt = (hi - h2s) + (h3 - h4s) + (h5 - H6s) 
Wp= hSs- h7 
WcycEe = Wt - Wp 

Qin = (hi - has) + (h3 - h2s) + (h5 - h4s) 
eta = WcycJe / Qin 
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Problem 8-33 continued 


Plots■ 


1900 -i-— - . -1 

1900 - 

_ 1400 - 

o 

^ 1200 -! 

r iooo - 

800 - 
o 

600 -I 

400 - 
200 -1 

0 -4-1-1-1-1-1-(-(-i ;- 

0 10 20 30 40 50 60 70 80 90 100 

Pi {bar) 



7"/u. plo/s jJupuj /iuJof fVc. c*^cJU y&J- ujorlc <m«x/ -jUerrruU ore 

V0-Luul of p x . Pad*. ptof CxU'lUfs O. 
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PRQSL^rA 9.34 

(C(JOuM : WsA i 1 UKl uJO t k t ^ ^ \A.ld * 1 %. ldu^\ ^ E Cytlt **-ooUCi«jJL 't-o 

W fr ^' vl £V</jqt^ uy^Hv *-t Lcj\J- ^ vk i_ 

TV v Vul f (?(_ ^ ^ t ■i'VC i < ^ ^r t ^S 7*. 

£tl^P- («-V+Kt r»/t(. ©■{- k.f.ojt-'l'rfc'wst-e,/^ -t-t, 4Vt. W £ { \kI(A p&tki *vnj l-kre^k 

4Vt SVtA-^v r^,4t> (l^ 'Hvt l ^ i t k^Kjl- f Cr^-v% Wt rt * *^ 

ti^di 4vro«j^\ \Wi^ 0*^tr"vVfcr, Ol^(c\ 'fwt Cycit cy , 

SlH(fK4,Til v ^i^.voAtA: 



MOJJfeL 1 . £&,^t oji v«v ^<*1 


j^Mjt^Qj^V jpi r^ f v: tftjc-lv. o t- VVvt p * V ^ c *• jP^C- sWA £- 1 * 

Ml; p^^lU/i^^V^Ooo'F =£ kr nn.MlWlk , RWIb*t 

5WUv ~ IV-Hi' 5 1 y^'O.^oo^ V\ ti - !({/f.H<\ isw /ifc> 

*? t - o.fts ~* ^ > ~^ ~> ti v -wm sw /it 

uw> IM-fU* / T^-a U> 00 ‘ P ^-.(SrU^W/lb , Si * MISS BWIb D R. 

— -— P*~ l W'M'i *k* “h ^Y Hs - 0.8$11 , k^-'KS.VI su^lb 
^-o.yr ^ v^'t iohu.k eW*b 

ibis^L’ p s -1Itc-A^ ( $«t-,Ug. =0 V$ - B-U^lb , ^S ^CbOlfciH AVfb 

a ^ t> : p to ’ 4800 lt + A *\. kAk + ^(P u -p s V\ 

y Wll %f v(o.<hw)^(^o- 1 )(w)&J 1 ! ^| --M.l^W.-m--2H.0f^ 

We^*+ 1 d.t^t t* Vkt tWy* rojlt e>{- iV t r ^ t ^ tl^Cci * 

W^-lMp =. +tV»i”W( i ') -(\,“VsV} 

*-*- - 


(tr^+tS ^hV^u'^sT ” C(w.<t-ussu&l+t(sa» -«£».i*i-t *s,o« -^ 
- Itpi . Ot. It /& b 


La.) TV 


t *"#A i ot- V«j»A- V <■ * a. *te i- ’W t Uj &* ki £■ l Vti-M, ^ t A t rojL^vr IS 

(V.-W^ v '(M.o^ (rin.H-%4.®« +-isn.9 -n^ .^) ^ 

^^.Sm TCio 57 g^ p <os | I AI ||-L A^Y | M vj ^-ii l 

4 I { II 1000 LX fs I 
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Problem 8-34 continued 


1TVt r«At. »t- r -tro^ -W-e. t/jorkk-^ £ laid itv ^ <- c r 11 

Q<w ' -(l<»l.ot)(lc^at-M-T'OI t? 5 * 1 


Q> 


o*vf 

1 L - ((dS.^ nwy 


10 00 


a 


©uf 


Cc^TVtc^dt tUerwtU e£4'\ci tr\uy U 

Y) - _L2-° - 0 XV7 /l7V/\ 

/ A 2.&S. V.SUISM/*; 


n 




i* ^oAa^ct. Wolcistor-H\e ajole*. 

0 In ' + ^ 0lctr 

ikS.ZAMW- loo KW + (US,Z\ h^y 
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PRoGL£Ai &3S- 


feVe^.+ c^tk opema.+es <o'cH*. jicu^ as +Ve ujorleC*.] -Claic(. 

0^£fnAVv^ ^fSiurei (J.VA -Wvtpt.'ra.Vu.’PeS 

EMi'* rle-f rUer*^ ef£ia«*t^ vevsuLS r*W«.+ pr«suur € -for pr« ha« 
VO-W^Um^ fe>o.v> +o 12.0 'on.^-v, 

5CU-&HMIC ^ faU/eu DATA : -. 




£Mu-fMg£Ei^ iA.Wft.id I'ujllU 
Mon^ : 5<*e £X£tfHW< 8,3 
Ml M-H S(£ » F^/5+j 4^ [x. e&cU 4-Ue. pruAtApg.| s+f^es, 

SM&J,' p t iiAO ^t> 

$4ftAg ..£; ^or is. gwtn j j uie com gM“ U^ ■ 

SfaAe 3 : p 3 = p t j =t?c)o 0 c. ?=£> W 3 j s 3 

Si^A« -o uiH\ oma geJt 

P s *o,ok soJr. I<^, k s } v 5 

Vp t -?V> 

5avy]g Ml'r^fa.-ko-K ■ Pj. = 2 MPa - 20 tA.IT. Uirug ot.Wz'. -fo*n -W 6^t4.*w ■kt l ol^S J 
1^, - 3 S’fll.i ^(Sfc.ini tJ" ^^'«.. fJt*w, to'[U\ 20 bfit»' (1 5 t =S >' t 2.^.1 ioT%. 

kf 5lok 3^ ^-j - 3b^f 0.1 IcTflcj, S ? = 7-702.4 lcjll<^ -K. 7’l ft ''Ji£j <f^ = 0,0i> bevr > s^ = s 3 3' we * 

*« = VH a liiS'l oSlo “- 0 * Wt 56 V- ISf-534Ml^V24^.^ = 2^3.2lcT^ 
AJfWj P 5 =0,0(» Cdf, [|V 4> U 3 =fS/.53 Uy/fc^, n/g = {,oc>^4 *m 3 //oj. Firtalig 

t\ = ^s + ^sht'Pj^ 3 1SI,S 3-MT< 0> 064 Jcto -15 ) 
alfcS.U 

C-^dg. (^cu-UAgvss 

Tke WOrU per 11*^ '/AA&^O'f &j>vo !£ ebWwe«( ts fet^»t«i '. 

W^fy^ - +£U 3 ~^^ 

Wf/tvi - A • ^JT 

^ Wc^u/m = Wi/^ - Wp/^ 

for -ff-£- iU -H^c. <^eu2raW' «sj~e& f-iWJ" processes' 

Si = + 


*u\ 3 /k<J. 

Fl rtA'^Uj 

Iq5Mvi*| 

1 ley I 

l b«r* 1 

to 3 tf.**i 


0> 

O) 

(.4) 
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Problem 8-35 continued 


Tkt e.44-\c[e^uj ij 





-fn?TV\ 'H'-i SflAvpI-e CfaaU&twvv. iwi-o fc^s. £0 — 6") ^(,Ves,£0V'p l -Zokew' 
Vfc/vi. ' l<111 ^ ' tT * ,c 3 jWp= H.08 IcTlfcj r 10<?7.a 

Q^/m 3 ^'l^.S kT/(c«j => Y^= 0,44-07 (4<e.on %") 


To ok-U-w, d^U -fuv +ta r*4w.i<'ej plot, we use. I Tj as -foUou>.$ 


/J Code 


pi = 140 //bar 
T1 = 600 // ft C 
p2 - 20 y/ bar 
p3 = p2 
T3 = 600 // ‘C 
p4 = 0 06 // bar 
p5 = p4 
p6 = pi 

hi - h_PT("Water/St earn", pi, II) 
si = s_PT C Waler/Stearn", pi, T1) 
h2s - h^Rsf^Water/Steam", p2, s2s) 
s2s = si 

h3 = h_PT("Water/Steam”, p3 p T3) 
S3 - s_PTfWater/Steam", p3, T3) 
04s = h_Ps("Water/Sieam", p4, s4s) 
s4s = S3 

h5 = hsatJ 3 x(A'Vater/St8am\ p5, 0) 
v5 - vsat^PxfWater/Steam”, p5, 0) 
h6s = 05 + v5 * (p6 - p5) * 100 

Wt = (hi - h2s) + (h3 - h4s) 

Wp = h6s - h5 

Wcycle = Wt. - Wp 

Qin = (hi • h6s) + (h3 - h2s) 

eta = Wcyde / Qm 


IT Results for p ? = 2 MPa (20 barl 

hi = 3591 kJ/kg 
Si = 6.716 kJ/kg K 
h 2% “ 2995 kJ/kg 
h* = 3690 kJ/kg 
s 3 = 7.702 kJ/kg K 
h 4 * = 2373 kJ/kg 
h^= 151 kJ/kg 
h^-165,1 kJ/kg 
W /m = 1912 kJ/kg 

/m = 14.09 kJ/kg 

W , /m = 1398 kJ/kg 
cycle y 

Q.^/m =4120 kJ/kg 
t| = 0,4606 


Plot : 

0.47 
0,405 
0 46 
r 0.455 
045 
0.445 
0 44 

20 30 40 50 00 70 SO 90 100 110 120 
p 2 (bar) 

UJcse« 4W^ exU^T+S «- vaa^i’^uws vcolut- lV W rCu^s. 

reUecdt- pf<Csouvfc£ Sfu<M*£l. J J 
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?RObieM. 0.36 


tCMooj^ Av\ Cereal r^tieat ujdc uses s+c«.rt\ qs worki*^i Uu.wl. Oper*.+i'r^ 

pressures at\<t 4etv\pjaro.Ki.r« arc givew 

Pi ut) 1 . Pto+ +Utrw\Al eW-usievtwj versus reUeal ]> failure {or pressures 
iTawgivig -froivi to IU-I.V: -to 1200 ILf UvA 



‘ki 


Firs-t^ Fix «.e.W o-t +Ue -prm«\p«.l s+eOes. 

SkUe I : * *fc 00 tW /1 T, = f ioo°F -=^ 

5kk-2 .' Fbr A «j\v«,la P-J.> 00^ kii+v S^= s ( ,(Aj a cw “jet Ia 2 . 

: P^p* ,t 3 = i2oo°f 

■SiiiS-i - P^- ' IfcUxU. 2 -, o^ul -£3 , We caia «j-e+ a/Axi U 4 ,or W 4 i-P SupwWIea. 

S^teS '- p s -l lipliUA, J«f. ll«. s$>W 5 
Sissife^-. Ia u «• U 5 -v ^ Cp b -p 3 > 

TiA lOOt-U. p<y imUA 'a\acs ©4 fk^W! -C^crW LS 

W^/vvi - Ck ( -Ui\+ (U ? -U 4 \ 

W P /vv% - 

^ t^tle/rv\ ~ 

7W. Ujl^ Ivajv^ -Vo 4Ve sVs-A/a ^*AAfcraAay **aJL V-etoiX^ ipratcc^ 14 

- 0\ - K.A f 

FiwaAKj, VW A-VjfcA\ aaxJL ekUti-C/vAc^ Is 

5&/wy ]. g . CqJ . U^M"L<? 3 a . J^-6o li-PItuA U.S.^.4 ckUw. -prOrti +ix jkak« taijcS, 

K“ l&CTM ftW/llojS^ i.toUj^ 8W./U). _ fUovJ, ulm'41a. p =bo VWi'iaA 5 =S ■ U = 

W-l AF SWk 5j U 3 = 1638,5 Otu/Ua, s,«2.044g 7 W 

P 4 = N.U, ,S 4 = S 3) gvves * 1/46.3 8>k//li. I0©oo, j> s ibf ,s &t. H 9 . U> 

h 6<?.~14 eKi/ib , 0 . 016(4 ffV/i. 


(I) 

U) 

( 3 ) 

<«) 

Ts'i 


1 M4m 2 

l t e>Ux 

1ft* 

1 778 ff-i'if 


= 74.52 lU/tn? 

Inst/-fukg c/aAe. 1 * 1+0 &S. P>>- (S’) -firr" p a s 60 li-flix' 
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Problem 8-36 continued 


W, W f /w =4,78 =fc* /m ' £?7,3 8fu./\k 

QjU/m - HI*-* ^ V^O.'fS'H (45.417,0 

To oIoI-^ia^ (UUa- u>e. use. (T, as 'A?/[otO£'. 


IT Code 

pi = 1600 //Ibf/in. 2 
T1 = 1200 II‘F 
p2 = 60 //Ibf/in. 2 
p3 = p2 

13 = 1200 ir F 
p4 = 1 U Ibf/in* 

pS = p4 

p6 = p1 

hi = h_PT('Water/Sleam", pi, T1) 
si = s^PTCWaler/Steam 11 , pi« T1) 
h2s = h_Ps{ ,F Water/Stearn", p2, s2s) 
s2s = si 

ti3 = hJ 3 T( l, Water/Steam , \ p3, T3) 

S3 = s_PT( r Waler/Stearn", p3 s T3) 
h4s = hJ^sfWater/SlearrT* p4 r s4s) 
s4s = s3 

h5 = h$at_Px('VVater/Stearn" f p5, 0) 
vS = vsat_Px("Water/Staam lf , p5, 0) 
h6$ - H5 + v5 * (p6 - p5) * {144 / 778) 

Wt = (hi - h2s) + (h3 ■ h4s) 

Wp = h6s - h5 
Wcycle = Wt-Wp 
Qm - (hi - h6s) + (h3 - h2s) 
ela = Wcycle / Gin 


IT Results for p ? = 60 lbf/ in* 

hi* 1S07 Btu/m 
Si s 1.668 Blu/lb ,a R 
h 2 * = 1196 Btu/lb 
h 3 = 1636 Btu/lb 
= 2.045 Btu/lb e R 
= 1146 Stu/lb 
Ii 5 -69,58 Btu/lb 
h 6s - 74.36 Btu/lb 

W /m - 902.8 Btu/lb 
t 

W /m -4.776 Btu/lb 
P 

W /m = 896.1 Btu/lb 
cycle 

Q. /m = 1975 Btu/lb 
in 

n = 0.4548 


nor* 



We 4WM- 4W. fkeriMcJ e£frc<0M<y exlnlwf* Ke reAwMit 
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P R06LetA s.37 

|<fgeu>Ki ■ W&feir iswJortt’iA'i Aua/(, >k om id tai rest'Irtev'W-vve ^iwLwe Wjc!e,w*fk 

cine oj>c-k\-^ecd header, TDiijki. a4- varrauf |o«fcltffKs <»*e kyistovi, 

riKJ'b : T>-6lerWne. 60 +kfc rctfe Iteod - Add2+L°>\ I<a c£ +Le 

-firsi- fbu-kV^ _, C 1=) -Hie -ikenvm.1 «£fici'ey\cy , ft} "Hie. mie fl-f- neftf 
-j-mviS'(V $>r4to. 051 * 40*1 sa^ per kg of e^ettvw eutkAw-fke. -Pl rsk-sW -farJatMe. 
SC^^ft-Ue & <£4WJ 3>ATA: ^ J 

f t S joofcftf" 

77 S 4B0 e C 



S 



4 pfrr 


gW6lU££-&U0<V M-Q'P £ L ; 8&<vie Exa^pl^ 8.^ except 4"Ul4imc- s-ftu^i cua^I i^iajwS 
Mereute ^-v\ l ui4em£-K ^ r^vev^vfcle, matter. 

4MiLy_£iS_: FirsH-^tK pnV\cvpoJ 

■ Sfede. 1 • rookew, T t - ■^SO't h t - 3?2L-f kTlkj, S, =fc.Sz8Z W^K 

Siaksj "7 ba/tr, 5 a -5 t 0> ^-g-pa aa4fc>jq L = ZUM.B WU%• 


3 > p 3 = <9 ,iPb S>a** 'Sga 5^ 4> 


X 


- 3 Z- S-f3 
5 ^-^3 


■s 0.1^2.^ Kj - ZO0-7.S Ik 3 [kg 


^We.4'. 0.04-fcftr, ^a.f. l/aixid =^> h «igi,53 k-Tilcg 

s : - k 5 « k 4 + V 4 Cp s ~p^ 


, Wl 

» lSl.S3'Kl.M>t>4X|t> 


J TT7 ^ 1 ” 0,00 \e&v 


10 

l kT 

\ kkxv- 

loV-v* 


s I5>.S3 fo.Mfc = 152/23 Ur|kg 
ZishL k'• f t = 7 5 oK li^u.U ^> W t w fe'n.Z'2, bT(|cj . 
^i ^gpll U ~ ^ t + /L 7_C.p 7 ~f t isM7.12 + 040&oyid“ 3 )floO-T)|' - |^ 
G>0 F'Gr jft^eyYi'for 

/m, H k n = (b 3 21.4 - -io-7 .$?) ~ -z(o\Z,H Urij^^ 


a 707.52 




*3 

\ i 

SiK/Vh 


(b) Afpk'j Intjj mass ck^A tmr$y boXavtces 4o 4Ve towkt>l eiacloiikj 1 41c 

opzvA -f^ectioajkr 

.. kt-bs bH.2-2- I5z,z3 

4 - i ■ «. -—— - * o.Z|5Z 

J k^-ks zbSi.8-i*3Z.z3 

por ■+1''-^ a^Ujk'ol ^oUzm^, ^w^LoSiV^j -+ka ^ujrU^e s4t^i 
-™ = f b,-b?) + U 3 ^ 




Wl , 


- (*3-321,4-Zfae^.B)^ (L-O l 2LS2)(2UQ4.8 -2009,8^= 11(pk.3 UTlI^ 
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Problem 8-37 continued 


Fci- -f he Uvvip 

w F = w fj1 - w fa = ^ x Sj i-tjUUg-U^ + ( ^-rWv\ 

Wp l *Yi y ~ 0 C ^l s “ + C k-f t'k'i 

= Ci- o-iis^Ci^a.-zs-rsi.53') + ('7oi.s2-fe £ n.2-2,) 

* 10.85 kxlkg 

T^iias j *VUe v\e4 jpcvj&ir d.<.velope<C p-ev" oniV vyiclss e^jev-mo -fi'Tsf-sfafc 
is 

Wwjtu/mi = Wtj^-Wp/^ - lltb.3- ID.BS = HS5.3 kT/k^ 

,4m ct 'Hvcv'mrtJ c-CC-i cl-e-k c>j i s 

V nSSsr 1 - ^^--*=- 

Cc) F°^ CCrn^«KSc#r' 

GW = v V'-y'>CW 2 -M 

o r 


(W/^ - O~^CW^^) = 0-0.2l5^QO4S- ISI.53) 

«* 1458.4 lc£3T) - 


(S>otcfJ rw 
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f = ivq h*r 


3 



Pump 

,„ w°‘ b 



3~ T ( 

<i £>.£& £>Ar 


g.i06llJ££AllO(V M.f)l>gL i Sflrvie fl-S Ev^wfile S,S 
A-MM-V Ms : First, ■£(*; imcti pnV\c\.ptU ^We- 

Skt-te-1 ■ ^ - 150 b(vr / r, - 48o*t =b h, - 3 33U"f ktllkj, S, = i.S282 1*^1 

Usmj +ke, t-f+lc-ievLt^j k\<£ 

Vi, - bj—- jk, -a U t ~ v\ J ^ i c U ^ Vi-^s^ 


K 


l "tl ^ 

w;+U U^-Zfe6 4, 8 UTlI^-trom ProWmR31 ; zSl^l WTlS^g 

S4^€_3_i - OsOt ''owr j S = £ z > To Oj^ir ^ i ^W<r polaJk. i'h TaWe A-3 - fo.B 10 ^ 

'tkuus ^ s = ? - * - o.6et»i • U 3s =2o^ i i.o UTlI^ 

U„S l v\a -K\c. S-e.CUV\A- li.€M.4vof fi-Pi-ACl-PJA^y 

\ 03 = “ 22.41. fc t-3l|cj 

■ State A '. f^-zo.oto s«El!fyM U ^ = /SI -^3 ^ ^cg 

5tfrig ' HsiV\^ -HUa. as cwAnsptc ^u,vw^ e-tt L ic.Wv’.Oj j H ^tbss" ^^/CU 3 _ ^3 
TWm = h^ + kUkg 

3-tote, fe.i bcur } sect. lu£u£4 

FtaieT- Wt*H* C^"is _ ta'i/Ch-i'-Wt J h^-Uk+th^-Ubi/'v^'n 0 ^ k^rljcg 

^ ®; ta /vC, t s U r ^-i = 2^11.3 fc-^tfcg* - 

0?} U - ^biVys S o t zo4& awdt W-t/** =(^ t-)+'tl-^V^-£‘k3 , j = Hfe2.1b 

•J V\^-U 3 . 1 1 

"For Vm. paw^s j, VV p j ^ x. 0~8~) C ^ s +“ C = 13 .S B Ul kg 

l*v> x ~ ^tivv\^ "^p/»v\, ~ IfJlkg 

v\- Wu^cU/v^ , - 0(3M C 3 MV 0 V- 

(T) fin* I wi ^ 

6 i 0 V 4 tw, - lt » U ^ ^llcg^ 

l-TWseyesu-VVs c^w,be, to^o^^WrH^'V^ose- vVoIoWm 8,31 4oS*e 

\xx b\ 1 k +1 es dk p^v^o/mctiAc^-, 


K 


\ 

G)cM?kl^ L 


o-fVUe e£fecfer 
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pp.06teM 8 .39 

(a) Refer 4o frobl-em 8.31, 


IT Code 
pi = 100//bar 
T1 = 480 II *C 
p2 = 7 // bar 
p3 = 0.06 !l bar 
p4 = p3 
p5 = p2 
p6 = p5 
p7 = pi 
mdotl = 1 

hi = h_PT('Water/Steam", pi, T1) 
si = s_PT('Water/Steam", pi, T1) 
fi2s = h_Ps('Water/$team", p2, s2s) 
s2s = sT 
s3s = s2s 

h3s = h_Ps("Water/Steam", p3, s3s) 
h4 = hsat^PxfWater/SteanV*, p4. 0) 
v4 = vsat_Px{"Water/Steam" p5, 0) 
h5s = h4 + v4 * (p5 - p4) * 100 
h6 = hsat_Px{"Water/Steam", p6. 0) 
v6 = vsat_Px("Water/Steam ,, 1 p6, 0) 
h7s = h6 + v6 * (p7 - p6) * 100 

Qdotin = mdotl * (hi - h7s) 
y = (h6 - h5s) / (h2s - h5s) 

Wdotl = mdotl * ((hi - h2s) + (1 - y) * (h2s - h3s)} 

Wdotp = mdotl * {(1 - y) * (h5s - h4) + (h7s - h6)) 

Wdotcycle - Wdott - Wdotp 

eta = Wdotcycle / Qdotin 

Qdotout = mdotl * (1 - y) * (h3s - h4) 

IT Results (qz ~ 7 bar) 

Q in /ft1, =2614 kj/kg 
Q ol1 /m, = 1459 kJ/kg 
VV cycle / m, =1155 kj/kg 

f) - 0 442 
ft, = 3321 kj/kg 
ft 2 , = 2684 kj/kg 
ft 3 » = 2009 kJ/kg 
ft4 = 151 kJ/kg 
~ 151.8 kJ/kg 
fte = 696.8 kJ/kg 
ft?* = 707.1 kJ/kg 
y= 0.2152 


Ploh> : 





From 4-Ue. ur«. See ■Kie-Ritnvud efficiency exkibifs ck yv\(XX.\ 

ih+te vanffe of 4ee.d\sja.Hr h&cd-er possums sfwi ieA « A-lso^-H^e ■fV&cKo* of 
STeAtvi ejCfrucfecf me .reoses mere as fk.ed. woofer h«o.ftr prefigure.. 
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thermal efficiency 


Problem 8-39 continued 

(Vl Refer +0 Prolem ft, ^8. 


IT Code 
pi = 100 //bar 
T 1 =480 ire 
p2 = 7 // bar 
p3 = 0 06 fi bar 
p4 = p3 
p5 = p2 
p6 = p5 

p7 s pi 
etat - 0.8 
etap = etat 
mdotl a 1 


hi = h_PT( 1 Wate r/S tearrf, pi, T1) 
si = s_PT( , Water/Steam , ' l pi, T1) 

$2$ = si 

h2$ = h_Ps('Water/Steam", p2, s2s) 
h2 = hi - etat * (hi - h2s) 
s2 = s^Phf'Water/StearrT, p2, h2) 

$3$ = s2 

h3s = h Ps("Watei7$team'\ p3, s3s) 
h3 = h2” etat * (h2 - h3s) 
h4 = hsaLPxOWater/Sieam", p4, 0) 
v4 - vsa^PxCWaterySteam", p5, 0) 
h5s - h4 + v4 * (p5 - p4) * 100 
h5 = h4 + (h5s - h4) / etap 
h6 = hsat_Px( ,, Water/Steann ,f 1 p6, 0) 
v6 = vsat_Px('Water/8team ff , p6, 0) 
h7s - h6 + v6 * (p7 -p6>*100 
h7 = h6 + (h7s - h6) / etap 

Qdotin = mdotl * (hi - h7> 
y = (h6 - h5s) / (h2 - h5) 

Wdott = mdotl # ((hi * h2) + (1 ^ y) * {h2 - h3)} 

Wdotp - mdotl ^ ((1 - y) * {hS * h4) + (h7 - h6}) 

WdotcycJe = Wdott - Wdotp 

eta - Wdot cycle / Qdotin 

Qdotout = mdotl * (1 - y) * (h3 - h4) 

0.375 


0.35 


0.325 


0.3 

0 10 20 30 40 50 60 70 60 90 

feetMf ater heater \j i*>yu y - bar 



cn 

*5 

3 


I 


IT Results ich = 7 barl 

Q in /m^ -2611 kJ/kg 
I m, = 1662 kJ/kg 
W^fm, =949.2 kJ/kg 

q = 0.3635 
hi =3321 kJ/kg 
h 2 = 2812 kJ/kg 
h 3 = 2241 kj/kfl 
h 4 = 151 kJ/kg 
h 5 « 152 KJ/kg 
h 6 = 696 8 kJ/kg 
h 7 = 709.6 kJ/kg 
v- 0 2049 



* ■ ■ - 
0 20 40 60 80 

feedwater heater pressure - bar 


Fron* 4'U*. pU|- 5 ; vje. see +W +liev'»^xl 

efNctevu^ £/d\li»ifs «. Vy \?oo rw*A.^ 
frwt-uru of e.*V Yucfe4 ii\cv“«^ses 


-fW ax^q. sf picessuv'-c^ S-k-uAiM- 
Fuv4Uev ,-fUese nes uu+S ou*. k>£ uo yvtji aa? 4 
“lO-Hvoe. of pci^-CA^ "to ^ovue of -H-e. 

©f +UA[WVk« S-fot L (XM-t\ pU-MO 

vYY-tvefsl^W'-Hes- <?v\ cj%(cl 
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Problem 8.<vo 

fr- ^ (mN L *3 Ljarlci'rtj f < u ,*4 * ^ a, ff jcwf rihVt pou><**- 

0*<ji, 0|?pm "D<c4-*. «^0v^i'ou< fo Ca^'o^ a/^ 




f 4 ^- i ** € 4* p o K* £? ex f p i^f '-■4 ^,1 V*€ * 


F /AJ P : D<W«^we ^c fk4rm«^ tffi'u’frtCy A*tsi fK* s -f^oLv r^hi Tn'Ks +k< 

furbwf stvtJ'C , 

SCtte^Anc ^ frWEM T3ATA -. 




'. So. me Af Ex (LiH|>le A 5 j enicept *"hat +Ke +Uti-toiVi t*_ 

5+Ajt.j e^e-r*.fc. ill fl,*. iVtfernatuf n^rtiMe vnartutr. 

AmalV.^k i FiVs+j fix €Ac.k pn'ndip<»( ckie. 

l i £ ! /20 bo.*' _, T, = 5*0 •C *6. Vo/.S W/feg t s, S i.5555 i*cr/lej-*r 

Sjb^e 2 i Pi^to btoV t «t*S, =t> X 4 s 0.443/ jhi* 2*T(.V.2. bl/bj 

6-kle 3 : J^sO.Ofc fec(*- ,S 3 3.S, -=t> * 3 = 0.17 27, (^ = ,20i8.3 fcT/icj 

Sift'taH ; p^=0.ofc bur j jot, => li y =•/5/. 53 tT/lcg 

Shxie 5 : "=• + v^cp s ~f>^ > 

-/5/.53^r *k w > tVJt , tf *m?)(, o .. i0fci fc«, j i °* ^ 

T \ “-g It Wat- : 

= /5/.S3b 1.00 = /52.S3 k.T/l<3 

3~We h? •. p^ =. (O bav j I =4> bi L «. 7t>2.8 I kT | k^ 

Sia±ii : p 7 = J2ob»^ t b 7 * At, +ir fe cp 7 -p t ) 

= 11 * 2.81 f (l ,|273 K( 0 '*)(lio- lo) ji|^ j a 775 .il Icl/ij 

(.ft) ^ppLjiLcg e«evg^ a.«J wms lo*ta*(es +o +ki ctm-frel ir©lu.**t <.v\c.Loi i Vj fk* 
lA-etd-ev, -Km. ■brotKow. «>i flevuy exh'wt-**! «.+ loco-K'ov. a. is 

k.-Vy nbZ.8 J - (52.S3 


[ 10 s 

1 IcT | 

1 \ War- 

it? N Wvl 


* 


152.53 


s 0, 23 37 


^-u'^S 27b4.2 

For ike. control volu.Aic 3u.rTou.vj4.'vig -flwt -kurkin-c gk^gx-s 

^ , (U.-W) tO-'jHkAO 

° (3M61.8 -23b4.2't 1-Cl- ,Z33T'if2T(-M.2 - 201 6.3) = 1208.2 LT/k^ 

A^JL J, *HaJL pU-VL^ S 

^Jpf^vx, t (W 7 -W(,)+(t~yl(Vi5.'U 4 ^ 

= (TTS.21 - Tki.Sl) H.il*l.3){i52,53 - 151.53) 

= 13.n 


Cn 


ti) 


C3J 
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Problem 6-40 continued 


For -Hot worWlkj fluXd pas-si^g +U« sWwl gt^evn+or 

^'Vvvi, * Vi,-Vi^ = 3401- & - 115.X I =■ Zbzi.fc kT/lc 5 

Tl^U-Sj +ke. ■flrt_£Vw\Al (?-Ff-lC.|€V\C*j ts 
u - V)p/yv\ ( 

A.- -X~T- - * 0M55 (• iS.S % ) 

(t>) Tkt YX€ + powtr eloped 

^ cycle “ ^ i - H/fv\j] 


^ vvv i - 


Wfvd< 




( 33oy»® 3 

Clio 1 ?. % ll .(■?■) KJ/ty 
s 4'4 3 X '0 r t<s/ k. 


gt.OO’S 

Iw. 


-*■ 


>L 


_ Wi 


I 


(11 

<» 

o> 
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PUO&ifcM 8.4 l 


bkiO uoi> • s-kfe op-ev'a4i^2 are provided fov fi^, lmcAa of 

PVoW-?m 8.40 

P i N)B ' • Plo4 +Ue fUeviMal tffict«naj of tUa cajc-U. oaJ. "tW voJt of cxertj'i arjku. cTutk 
U)I"H«i*a fke fee^u^ofe*" H<ccfev" v^/sus f-eedwaVv beVer pvesmye vyuAxim^ fr<jvu. 
® 0.5 fo |o Mp* ($ \q loo lea*'). 

5CM6MATIC j <Styfg^O DA^TA •. See ?rdfak*vv 8.40. 

£MljiN EpgtKJA- Mftufj : see TrobWvw 8.40. yfLro^ k-f T, = 2^31. 

AmA-LV : TWe sfaks are £Cx.<A a4 iia 4Va so UU-urvv. 4t> f’roUev^&. 40, Pu/4ko 
£<^s.CO- Cl") from SoLixfixAA fo ‘PraWlevw. 8.40 Qjf<^ US V . 

TV- rcfe of e>ce^ 41 ^ ^■^fr'u.cfu^vv i*\ f'W* fcedU/Joder'' Vad-fie" cjw*. obkked 
•fYC5W\ t 0 <j\ v } WjUire <r t „ 4W r«4t of eu.fr<s^4 peo-eUAefksv. i>\ -f'ke urnWcA 

$a/iY&i/ud 1 (Hji fca.i(>uVcr W^~. Tkot i./ 

+ V y s .- s cl +■ <h* 


err 


4 - T ~»'t l*t - b a- < 1 v ] 


0 ) 


Sar^pk ea/cVaVn^ ; ftv 7 ^ = /.o Mp* = <o kr.cee-fi* SoUfwvvfo ?robkw 0,40. ^ 4 L» 
tvevg^ desjruafwvv. rate 

E„-£»3KHt.W£](;>.„«7 -(o.z53?)U.SSSS-)-f.'7«.3)<’.szio)]j^. 

b.o?«y.o 1 t T/(. l _!_b_| JU^. .,, (11w * kW 


B^oo S 


l UT/s 


To ok4tfAU 'VWe (V'Ca T**|ulre4 -for VW plo^ujs-u^ lT ( as ColUcos ; 


/T Code 

pi = 120 // bar 
T1 = 520 // X 
p2 = 10 //bar 
p3 = 0.06 //bar 
P4 = p3 

p5 = p2 
p6 = p2 

p7 = pi 

Wdotcycle = 330 // MW 

hi = h_PirSleam tt ( p1,T1) 
si = s_PTf$team*\ pi, T1) 
s2s = si 

h2s = h_Ps( TI Water, p2, s2s) 
s3s= s2s 

h3s= h PsfWater, p3, s3s) 
h4 = hsat_Px("Water p p4, 0) 
v4 = vsat_PxfWater, p4, 0) 


$4 " ssaLPxfWater/SteanT. p4, 0) 
hSs = h4 + v4 * {p5 - p4} * (100) 
s5s = s4 

v6 - vsat_Px{'Water", p6, Q) 
h6 = hsaf PxCWater^ p6, 0) 
s6 = ssa^PxCWater/Steam*', p6, 0) 
b7s = h6 + v6 # (p? - p6) * (100) 

0 = y ‘ h2s ♦ (1 - y) * hSs - h6 
Wdottl = mdotl * (hi -h2s) 

Wdot12 = mdotl ' (1 - y) ^ (h2s - h3s) 

Wdotpl = mdotl * (1 - y) * (h5s - h4) 

Wdotp2 - mdotl *(h7s-h6) 

Wdotcycle * 10 A 3 = Wdottl + Wdott2 - Wdotpl - Wdotp2 
mdol = mdotl ‘3600 // kg/h 
Qdotin = mdotl * (hi - h7s) 

Qdotout = mdotl * (1 - y) * (h3s - h4) 

eta - Wdotcycle * 10 A 3 / Qdolin 

Edotd s To * mdotl * (s6 - y * s2s - (1 - y) * s5s) 

To = 293 // K 
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Problem 8-41 continued 


IT Results for p ? - 1 MPa flQ barl 

W 1 = 1.76 x 10 & kW 

W = 1.577 x 10 5 kW 
(2 

h! = 3401 kJ/kg 
h 3 , = 2764 kJ^kg 

h 3s = 2013 kJ/kg 

W = 211.6 kW 

h*- 151 kJ/kg 

Pi 

h 5& = 152 kJ/kg 

W = 3422 kW 

h s = 762.5 kJ/kg 

t2 

h 7s = 774.9 kJ/kg 

Q = 7.247x 10 5 kW 

= 6.555 kJ/kg K 

in 

Si = 0.519 kJ/kg K 

H = 0.4553 

Ss = 2.133 kJ/kg K 

rh = 9.934 X 10 s kg/tl 

y * 0.2333 

E_, = 1.001 x 10* kW 
d 


PLOTS 



ps (bar) 



p 2 (bar) 

FforM pick, we see +ive ef^EtieiACy e^kUari-s c. 

tgmj^p of fee^ujeJ^ev* WeMevs l^ ct^sUf ectk. } 'Kte. exer^y ei^sHuc^ti-K 

T^L+e UiL'VU u\creA^Voi &S -fUe ^i£C*r*tAte k^Wtejx. 

tU 1 t^WcWi sV<a\m fKa. sfe^wi .^ercxfo/- ■feeA^j^W' iW^as-ei. 
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problem qai 

tcMOtom Art wito-l o-jcl« Ha.virtig +U* S(Xw-< FuYbiita i'mU+ tov.'U f> cj\*s 

oju-A. c«vJle\Ai<r prcttu.* 1 *. t but vi© Vegtvie*a.+or^ A& +(*-«. ttjclc of 

Prob'WKrt 6 . 4o it cow-S i4£(r<A. 


Pro\>k*rt 8.40. 

SCHEM A~nc d frWElO DATA : 




model : See exanwple 8. 

AnAlVsis ~. Usi'aj <y^ropri«.+e < 

V\*34ol.8> UTlltg > S, - l».S555 kXlleg-K 

1^!= 2o»e.3 txMcj Vt a *iS|.53 kJtLg 

State, 4 : \n u -x, U 3 -t- V 3 Cp«,-p, '» 

= ISl .53 tT +■ ( I.OOt VX«0* 3 )(riO -.Ofe) k<w 

= /5F53 t 12.01 = Ifc 3.fe UJ/Lg 

Cftj Per -HjLrbj^t^ 

s li.-Vt* - 3401.8 - -2.018.3 - ;383.5 IcTlIc^ 

AkAj -(ot -H*jl ^>u.vu^> 

w F |vv, = U -V»3 ■=■ a.oi wtr |k-j 
For Hjl VAJorU.;*^ (yaSSivig f'V^rov^Vv tU. 5fe*.va gcrteraW- 

- 3 401.8 - U3.C - 3136.2. kT/ltg 

Tkju-ij +Ll 4Vjwvwa.I efFiciewotj is 

W/^ -W'U , ^ ltf _ 

t W l La J YVS 



IkT | 

1 Car 

Vfc? K l*\ 1 


VL 


< 3 >u | rv\ 

(M ike v\et dU\reUp*JL ls 

t‘-»83.S-lX.O- I 'l^I|-U4W_| 3 . 3 *, M W. *V » 

I K of + fecctujAftr- in fo -t U* 

8-4© resutti u* o. ^*4 

p. dei/ € Upd. 
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rnouen %A3 


kfiJOuJU : 7ke. rtytntrafwe. vapor poiAier oyc(e of Problem Baq /4 reconsidered. 
£ jhL P ■ Investigate fie ef+eefs on cye/W yert^r^ance aj dUa fezdojatierfrea.hr 

pfcffurz f&kes cn\ ofkcr values. Ornsfruof Suitable piofs C\n-ddcscufs, 
Consider +W eyctc. -for u)W'i&L ^a,cL 0 + -Hi-c -Ka^Ioiv**- +Vo- 

pu^ U^ve iseufropic eff-1ciwcies [ois tU<tu uiuf < 7 . 

SCH-eft'IAfiC i £w/6aJ VATA : See solu-fio* -to Problem 8 Ac. 

enghjefRiMG- Model: S«c. example S.'S av\c| =h+ z - Up. *h,» = s<?%, 

AW41VS1V. The performance of Hie cycle is iinVUsfigcrled by deforming 
-tye ePfeofs on *f formal efficiency of VaVt jiVvj -fte -feeJ.wa.1er header pnrtfure. 



Toobfai^ fita ciaAt -(tv fW. T-ey-uVe^ ^ofs, uje ase. 


17", *s fbtipws 


Jf Code 

pi = 120 II bar 
T1 = 520 // *C 
p2 = 10 // bar 
p3 = 0.06 II bar 
p4 = p3 
p5= p2 

p6 = p2 

pi ~ pi 

Wdotcycle = 330 // MW 

etatl = .8 

etat2 = 8 

etapl = .8 

etap2 = .8 


M = hsat^PxCWater, p4, 0) 
v4 = vsalJPxfWater". p4,0) 
s4 = ssat Px("Waier/Steam", p4, 0) 
h$s = M + v4 * (pS • p4) * (100) 
h5 = h4 + (h5s - h4) / etapl 
s5s = s4 

sS = $_Ph('Water/Steam". p5, h5) 
v6 = vsat_Px(”Water, p6, 0) 
h6 = hsat_Px( Water", p6. 0) 
s6 = ssal_Px(’Water/Steam", p6, 0) 
h7s = h6 + v6 * (p7 - p6) * (100) 
h7 = h6 + (h7s - h6) l etap2 

0 = y * h2 + (1 - y) ’ h5 - h6 


hi = h_PT("Steam’’. pi. T1) 
si = s_PT("Steam". pi. T1) 
s2s = si 

h2s = h_Ps(”Water J ', p2, 
s2s) 

h2 = hi - etatl * (hi ■ h2s) 
s2 ■ s_Ph("Water/Stearri", 
p2. h2) 
s3s - s2 

h3s= h_Ps("Water". p3, s3s) 
h3 = h2 - etat2 * (h2 - h3s) 


Wdottl = mdotl * (hi - h2) 

Wdotl2 = mdotl * (1 - y) * (h2 - h3) 

Wdotpl = mdotl - (1 - y) * (h5 - h4) 

Wdotp2 = mdotl * (h7 - h6) 

Wdotcycle * 10 A 3 = Wdottl + Wdott2 - Wdotpl - Wdotp2 
Qdotin = mdotl * (hi - h7) 

Qdotout = mdotl * (1 - y) * (h3 - h4) 
eta = Wdotcycle * 10*3 / Qdotin 
mdot = mdotl *3600 

Edotd = To * mdotl * (s6 - y * s2 - (1 - y) * s5) 

To = 293 
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Problem 8-43 continued 


>TResults forp ; = 1.0 MPa MO bart 

h, = 3401 kJ/kg 
h 2 = 2891 kJ/kg 
h 2 , = 2764 kJ/kg 
h 3 = 2259 kJ/kg 
ha, * 2101 kJ/kg 
h d = 151 kJ/kg 
h 5 = 152.3 kJ/kg 
h s ,= 152 kJ/kg 
h 6 = 762 5 kJ/kg 
h, * 778 kJ/kg 
h„ = 774.9 kJ/kg 
s, - 6.555 kJ/kg K 
s 2 = 6.824 kJ/kg-K 
s, = 0.519 kJ/kg K 
Ss = 0.5231 kJ/kg-K 
s 6 = 2 138 kJ/kg K 


y = 0.2228 

E = 2.07 x 10" kW 
d 

W = 325.7 kW 
Pi 

W = 5194 kW 

P2 

w = 1.71 X 10 5 kW 
tl 

W = 1.646 x 10 5 kW 
t2 

m i = 1.206 xIO 4 kg/h 
6 = 8.791 x10 5 kW 

in 

0.375 



p? (bar) P* ^ baf ) 



net power (MW) 
heatin(MW) 

—h e a t rej e cte d fWM) 

First stage turbine power (MW) 

—s— Second stage turbine power [MW) 


Ps (bar) 


cvetA fkou^k bAY^iue iswdropic eftWewoes j+tc frt^ds 

for oajz similar fo fUose tu FWgIetM $ t A l. Alio # no^e +U^f'fhe pou/er output 

S dtafz&XCS &S p^_-v ^ 0/--^ o-f 'Koo 

0£C«mL(.wgl«j. 
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PA06(,6M 8.44 


I^NOwn : TUe ideal R(XH.kina cojc-le of Problem fl.9 tS moetif ie«( +o include 

owe ®pe*A ^ee«* voetfcr- 'weaker ope fallVig at too IW/iV£ 

FIMP ■ Av\5toeir -fbe Savwe tjitesfionc abow.t’ -KtC WLodli-f led CMttc as 
Pfololem g,4 a-v^ discuss +Ue results, 

ScttswAfnc j frUJEK) DATA •■ 




E.NQlN£g~RlfJft 

jHOO£L'. Same a.s &«a.*wfU 8.5 jexcept tW-f -tHe. +urbi «*■ sfa^eS 
ope.ra.te. in an /Vtematltj reverstUe Wiauxer. 

A-KJM.VMS i First"., fix eadU of +Ue prm6?p<A states, From VUe solubLcr*- to 
Problem 84i k,= <S47.7 Stu/lb, 5, * (Mr? V,- * ^ t l.Z, Skc/lb, awd 

la.* 1 " 64714 Bkulfe. 4 

State Z : ft. »iOO ftfiiw?, 5 * “ 3 , =$> f> a = (" 3.1 0,7 ShA/ti trab/e 4 -VC ) 

State S : h s «• kt, V- tr v Cp s -ft ) 

- M '"' “a *• -' J ^ 

= 6.9.7V F .29fe - TO.OF 

Stsdi ft - /£>O Sat. t:^ui4. =*> Ii 4 »2<?8.fa Bte/(b 

5 faf fc 7. : ) = Ztg.fc F (.Of 77 V) j~^g | ( t(*00 - too) a ZQ\? Ph</H 

AppbjiK^ energy afcA vwass rate. balances to +Ue. temfrol voluMe e-vic. tat *3 +W 
©pan heater, flte ftee+tMv. y of -flou> e^-hxtcfeA of /©cafioK. 3. is 

ht-Us z^ff.b - 70.of 

y . 3 x—rr x ,—s-= o.-zoow 

W^-V\ s 1x04.1-70.04- 

(j^\ To determine. ~)W Viet (povoev developed by Ha Ujcfe. , begin. wi+U, a. 

Cmdrrol VolaynA. &.rou.i*Jt tW luvto\i*-e. 

%,* uvM+o-y 

~ ((sn7M2iM)+(|-0/loo<<)(iXion -51^,4% RV/’lb 

Fbr fU. pun^ps 

= (h-,-k,) + (l-y) Cb s 

’ - 2-4g.fe)tO-t>-"lw«0(70-OY-6<i.7V) atn/lb 


m ( « |.v X<O fc thlU C Pfobfem 8.4) 




w i** 


Vl^cU. - M* , [ -“f/i.V 0.4>tIO fe %) [S7fc.*ft-4.I4*9.00y,o*^ 
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Problem 8-44 continued 


IcnOuoM i "TW r ev&4wcy<cle of Problem u 4o mctu4c 

fWa.t ai^h 4u,rbtvve sVtx^e Was au\ efficiency erf 68 °/q a ^J. each pu.tuf k&s 

0,^ efficiency of So%, 

Plfjp : AvvSujer-f^c ^uftsHcmS f^r* 4^3, modified e^jc/e AS r« Problem £?.^4 

SCHEMATIC $ QtWSKJ DATA- 




» 0-80. 


E.dfrlM&£Rfdfr 

MOD£U ,5&m< gs /Vobfero 8. 4| , €*eejj-f- *t +J * Hf* -* Hp ( ^Kp a ® 

ANALYSIS* From Tufctam 8.41, h 4 ^ iSK7*“7 6fu/rb,s, - fiWl ?•%.*, J^*frVfY&WIL, 

Vifr - znB.b 6fi*/lb. 

Sfaig. Z ' U>e fb* furbi** sfaj* efficient^* Pt 3 ^OO tiffin* au^ Sij i S / j 

K^^^ l^.ia.1 &Voc/ LV> (ProbU^A 6.*l) tW 

vu. «)?»** . > ^> W„s Vi.- %\^Ch,-Vi, s ) siml etw't 

(W-M/wli n,-Vixj 

fro^ TaWeA-He. , Si = J,VJgt{ Wv*.M\b. 

■S^e 3- . 3 Cam Wurl<3 , P»=/ ibf/ij,?- , 3 34 * s*. =$> x 3s - 0.41H» 3 W 3S = <137. Sz. 6^<b. 

rWs h 3 = Vi*. - \t.<- k- = Q7S\(5 bu^/u. 

Sfaig. 5 ■ S4t^« 5 is ete4«rmu\«<t U-si^g iC- puuwp efikc.it^ctj. FVo*v^ fro i)!e«A 8-+1 

'('ss - 70.0*+ fc\y-f>b. iW 

__ ^Llk ^ l, U + 0,f s -K H )/hp « 70.U5 SK/iJ, 

r <y*/«0 V» S - V W * r ‘ 

Sktfe T *. S**V>7\AirUj j “SOliS” 6h»-/lb (Vu-A ® + ( ^ 7 3 -i 

= 304.7 awlfe 

TW ■frtur.+vow. y of -1W. VuYtine 4lo\o €x"Kx>.t.feel at - loai+iirw. 2. is 
_^5_ , *>»■>■ -Q. U5_ , 0 |qif 
3 Vi^~Vi5 aji.i - lo.us 

(<M for 4ke. +U4rb(H«S 

W -k/^i - CVi i-C , -*'^-)CU*.-U3 , > 

= (1547.7- 12 ?!.IV (l-0.l c fcs}(rcS(. I “375. <A -S‘l c i,lS'B*^/lb 

€lu£- 4W pU.i*y?S 

Wp/^ ( 11 (W,- kt,) ) 

" t Z0H.1 -2*0.<r\ + OGv4o^ ti-kcMb 
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P£Oe>c£M 6.4 5 


: TV\(l re^e*Aevtx4we pOuocAr uytle oP Problem 6 ,^ U yvlo 4 ^‘£i<^ 4o 

-tUat aid* 'H^rb^e sVage <ua efftVien^j of 8 8°/o ^ac4 puny ^<u 

a*n ePA'ciency of So Vo. 


FjfrJE) ; AvUaie^ + he. same ^uesfums -for ftal I'Hedh Pfe^ Gift/t a$ f« Problem $. 44 . 



kNAWSlil From ?nsbl*^ $. 4| ; ^ = l$47<7 SWIb^, * (. Wl? »%,.*£, S * &W tL, 
a*JL =- 6KWIb, 

Sfafo. 3, : U>e fka+urbi"* efCi’cfeHt^. Fvrsfj f% 3 too (Win*. <*u*4 

1X10*7 &VW lb (ProbVtivs 6-4^i) iW 

vu, * > jlirjs.*- ^> V^* V»,- H/h.-WO =(m I 6*w<k 


From TabW.*-He. # Sx - |,(#7g^ fcWJlb. 

*s4*dfc 3 ; ^ P*-/ /-fanF/ih?" ^ 3 jj = ^> X 3S -Q$*S1U ^ b 3s - ^117* SX 6Wlb. 

rWs h 3 * h x - Xt^bx-^is) = 97S,tS&IWU> 


5 ■ Sbdc 5 is defermruUsi. usiVg I^J- effl&i«*c<j . FVom proMenA^l 

Vi 5 s - 7 0.04 ?>W-/ib. “tWjLS 


A. 


, f Vlj>i fvvv _ by 5 ^ V\ ^ 
Oy^p* /vk A ^5 - 


^. =i> - U H +- tU$ s ~ Vi H )/h F ^ xo,uj &H/(Ji 


Cy^f v /vCsA -* Vi l 

$ 4 x%fe 1 1 Similarly j ^75 0 h^/lb o^o-J. h 7 ~ ^ ^ ( b 71 ^ h ^ ) 

* V>H*1 &wii* 


TVe 


-Er&iiKoY\ 


y of 4W fuvtine 4lou> aV foox.fLG>\„ X is 

>"V- -_ M ' ~’ , °^ cQjqy 

V^-VlS ITSI.I -10.H5 


(a | for .fke. +U* r bikes 

Wt/ V ; i * Oi.-U^ fO-^Hk-U,) 

= osm.i-usuV (i-o.i^i^fi^sTM -ms.is) -sVH.ns'BW'ib 


Aiui -Mtt pu.vM^S 

'wp/tvv, - 0*7-^) rH-yKlto-l*v) 

s Ue*u-j-2<i*.frV + 0-.m*)(7o.n5-M.*i¥)^ Moz. 
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Problem 8-45 continued 


OujM ; TWere^e^evtx4we. p©v>j«v~ oyde of Problem* 6/H ti rv*»<i£fi«<t 4© ikc<«4<. 

•K*a+- encU -HwWe sVixge h*.s aw. efficient^ of 88°f o aW eacA, puny h«.s 
a^l efficiency of So®/*. 


Hjp: /Wu;er+be- same ^wesftons for H*JZ Modified cycle, as i« Problem 8.44. 


^gJU-TiC. ^ DATA • 



lfrlM££RMG- 
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FRO ecey 8. 4<t> 

tiJowjJ: VU4&r Is +U worki wet -Plu-ul m id&d ee^wmfwe RavvtUe aide wHk 

am opew ~H&dyjaMr kWer. £>ofa ai voxtbus^j&aiitD^i are known-Th-Mass 
-flownd* ~tUe -f\ r'yr-Srti^ 4c«d>iV is cttv&m i a mJ-ibe -fe-rvtpt-yeehoK rise af 

CjSOli (Mbleir p&ssiVvj "tkrow^ln "Hm. e.oU©vi£er i5 .fpfiCif lei ■ 

F/tJS)'. 3>6ktnvu'Jie Caj-rAe /i34 Pe^er £(0-/i4e r#fe keaf^Wu^er & . tO-itie. 


5ctfaviAf 


■ .. ^ ^ ■ ■ if J ^ ti ttvj i i 

T^erttW £fcicUn<nf - a.'nd (d)-K& >n£S£ ftuo nrle ©£ Cfcttfw t^J&der-. 

me & &W£M data : . u 

*v v-l-t ■= f T n h" 



vm , =J2o Ws 
f^lboto 1!^ 
7, - 5b0°C 



*rt 


4 =.fl,o8b»F 


" 

EaL£ 1AL££R tA s-_ Mflfe£j* - 5^v>te as ©>5^ 

Cpem^e i^ an /nfenm/Ly *7U/ViM0r 

AtMl-V5l< ; First J ■flic eadi p nn cipa t .sfa-Je. 

1 - ■ f ( ^ It’d Ioay-j T, = 540 e c h, - 34k5.4 Ic^T I kj j 5 | = G.S'IS^ ley/hq-K 

6bteJ>: K - I.t.r,%= r , 4> V^f^*MB34 , U*. wsi w/Lj- 

akfci 5-«»w,vw Vrl-w-K=“»-'-‘> ^ 

5Ufe4 '. e-o.D&b**', S&{. liquid =*> h 4 =, I13.S8 W/tj 

S kks\ ily «'in 4 4T5fp s .-p v ) s 

* 17?,OB ^ 4 -0.qoB4*co'S ^ Clo-0.08) Ur 

* nz.SB 4- /.oo = l-H-SS W3-/|c^ 

^UlsJd f fe -io W, safUt-ud 4> ( 4 ^ 7 ^ 2.51 l^llg 
5falfe 7 I 7b2.S/ -f fM273Xtif 3 )^l6c>-LO')| 


5 t = 6..5732 kCr/%-K 

114 S.i kTi kj- 

= 2057 -C 


i e> 5 mIyh^ 

1 kT 

1 bav~ 

i 


= 77^.72 


hi 


CpJ fbr-4^e. Ctfn+r>l \zoka^*L -fke 

[Ck 

To j’Ji.-f 4 y OjppUj rvutsS 1 0UHc? -en^Jj fcaJi3.M.ce^ 4U TU ctUns/ Votuhne entUiW'Mfl- 

^e^LAjtk^- "fO^t 

I = bjC h* = ~Tk2.fei-' 174.8g 


kj' 


a 


- k< 


274 5.1 - [74.36 


= 0, l-3.fi7 


“TUl-S 


Vt -([20 ^} l_C 34bS,4 - 274?. A 4 Cl- 0.n87V2T4?( - 2037.oi] ^ 
- t. sic\ veto s kW 


l kv 


\ ^ts 
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Problem 8-46 continued 

for -fUo. pu-mps 

W p *W P( fW Pj _= rvi, tC k-i-l'i')] 

= (i i i - o.»* 8 i)( n-t. e 9 -n 3 .e 8 ) 4 C 77 ?.TZ- 7 fc 2 .si)]|-r| 

= 2nz w 

TWs ! -flue. Hat pocoev ct'iViiopQof Ij 

^t^c\e = W^-V\/p = 1,4^8 *(0* U-W’^—.. ..Wctjde^ 

(IpJ For 4ke Sb£6.yn jane/afer 

©,« •■rvi, Ctt,-U n ) =0zoX34^,4 -Ttt.l2')( T| - 3,Tl2M(fkvJ^ __ fr* 

W T^e -tWnud e^Pidcrvcy u » Wc 1 c Vq,U ~ 0.4(s5 6u .5%)-*_h 


Qi) The mtt of Ut<d Jra»sfeir 4ron\ -fU. woritmj ^uaV -jo 4^ oool<*v? wafer ©*&,*■. 

"HtlTDU^U +ii£ COvvf^U^G-r fe ^ 

&c*i ~ ^\ ^ — ^ 1^* 3~ ^ =(}^-0)0-0, , ^Slifzo37.o- R3.88) (t! 3 k/ 

*TUus ( i-W widips 4iouj mfe ©-f teoWw^ 

<5ou,+ ~ ^cW ^ cw.+ ,cw' ^ __ 

As&anU*j K 0t 4 jCW - Vvf H|tw * e c */ Ai;^ j a^cu.Kj C* w = 4. (74 ^ {< .w-eytf 


W\ 


OotcF 


tw 


^Cn/ A 7^ 


I,7Z4X<0 feW 

CunX*)!^ 


I kJ/s 


I kv/ 


-S 4- 


rt °cu/ 
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kfOOiOQ ; pa- iitap i i^jck of- P*Z>b(tM 0.46 is ^Csdifi-cd 4o 

ih elude WWhi S+cuj<l<W pu^ iith4ro p ic c-fGicieVunCS of S-SS. 

Find ; Answer +ke. saw*; <7 uaStww^ «sin (Voiol<W 8.4i>-ibr -fU£ Modified cuck. 
SCHEMATA 1 &W&J 



M.tIXoUg/c 

fJ«Uso W- —*► fj. 



e.as 




0,06 fca>e 


KVVi* 0 ' 85 


EMCa-lN'EEfciNA- rAobCL: Sawie as EExaiMplt 6.5, 
analysis : Firff 1 ,fix cjOx-U of -H-^ /pviAdpa/ s-htfes , 

Ma-iz ( : ft* HO bar, 7J= SiOt =t> k, * 34&S.I tTl/c ? , S, = ^*5l3Z k.T/tg.< 

S+iafg 7 . : U.simj -fke iien+nppie efficiency of-fke s6a< e fu-rkiwe. 




h.“ k-a 


U " Vl,- *14, Cti -ll2,C^ 


ki — U x j 

Wr+U fi^. s “ 2~l4S.l fcpAg fir&m prcU-tm B.4i r> z653.) kTikg 
'. . — 0.08 \>tnT f j = 5"^^ 5 ,, rf«i , pol<*4iiio in."T&i>k A'4 j 5^; W4S| kaik^-K 

^ * 3s ~ ~ ~ 5 c f3 =<9.8oSA j ^-iW.8 kJU=5 

■^3 " S +3 , 

USi n<j 4Ue second. - s+ELje. TUnsi^a. is wkopic. eff-tcievuv. 

U 3 = V» a -= 2.221.3 W 7 |k^ 

^ c 0.08 U*-; saf.1 ff 1 u-ul fig. = O ?. S6 W t kg 

Sok^ 1 ' U Stkg +kc. Uewfvopu'c ‘ipu.wg) eWcle^c^; Vy t s. fl\ 5s - U^)/c K j-V,^ 

1W Vi 5 = V\ A * CVk 5sr W/)Vf , a l^s.ofe Lj-lkg 
■ p^= 10 kar, sat. liquid ^ W^ll^ 

^iaiU •' Wi+U V\^s /tk-pWy* ky= hi+dns-U^/^a 792.7 krj|<^ 

^ u - «. 0 'il^S avul Wf s vn^CU, - ^^ +(I " ^(ImA A^ - l.32LXlo ff W.W 

^ Vvj-Vvs 


Eor •VUe. ^uawps } Wp 3 vk, [_ 0 “f* (V\ 5 ~lt 4 ’l+CVt = 24*11 kW 

'T Vxw ^c^ole -V/t-V/ p =1.301X10^ WW*_ 

Cb) * V>, v C Vv ,-U-i^ = 3 ,21^ Xto 5 LW -I- 

Q CC) Yv = ^<de/ dC K - 0.404 C40.4 °/o)^ 


W e^cle 


C r 






(d) OduV - via, Cl-^cVt3-U4V ^ 


\^v\ 


Qi 


Cvv/ 


-2S44 kV/- 


Vv\ 


cui 


l*TWcie rteiuX-te Citu Vw^ cov^pare^ w of 6,4^ 4o 5^. Scvh^- e>f fU a-p 

^TO_gil {weVe^JitiUfits oia. u^cU pcr-forma^c^ * 
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Problem 8-47 continued 
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PdotueM @.48 

CQ) Re£<z«~4<j Pmlal-tni BA 7 

IT Code 
pi = 160 //bar 

ti =560 ire 

p2 = 10 // bar 
p3= 0,08//bar 
p4 - p3 
p5 = p2 
p6 = p5 
p7=p1 

mdotl =120 // kg/s 
Ccw = 4.179 //kJ/kg-K 
delTcw = 18 

hi = h_PT("Watcr/Stcam", pi. TI) 
si = s_PT{'Water/Steam", pi. TI) 
h2s = h_Ps("Water/Steam", p2, s2s) 
s2s = sT 
s3s = s2s 

h3s - h_Ps("Wa ter/St earn", p3. s3s) 
h4 = hsat_Px("Water/Steam", p4, 0) 
v4 = vsat PxfWater/Steam", p5.0) 
h5s = h4 + v4 * (p5 - p4) * 100 
h6 = hsat_Px{'Water/Steam", p6. 0) 
v6 = vsat_Px(“Water/$team", p6, 0) 
h7s = h6 + v6 * (p7 - p6) * 100 

Qdotin = mdotl * (hi - h7s) 
y = (h6 - h5s) / (h2s - h5s) 

Wdott = mdotl * ((hi - h2s) + (1 - y) * (h2s - h3s)) 

Wdotp = mdotl * ((1 - y) * (hSs - h4) + (h7s - h6)) 

Wdotcycle = Wdott - Wdotp 

eta = Wdotcycle / Qdotin 

Qdotout = mdotl * (1 - y) * (h3s - h4) 

mdotew = Qdotout / (Ccw * delTcw) 

IT Results fp 7 = 10 bar) 

Q in = 3.223 x 10 s kW 
- 1.724 x 10 s kW 
tV cyete = 1.498 x 10 5 kW 

= 2292 kg/s 

n = 0.4649 
ft, = 3465 kj/kg 
hj, = 2744 kJ/kg 
ft* = 2037 kj/kg 
h 4 = 173.6 kJ/kg 
ft* = 174.8 kj/kg 
ft, = 762.5 kj/kg 
ft* = 779.4 kJ/kg 
y = 0.2287 

TJte.+VvC'Avw ( efj-ic.icv'cy <*. 

in +Ue, v’a.ngt of 
\n<2v&r pitessuLftrs 



> i i -'—:— i — i i ; 

0 20 40 SO 60 100 120 140 
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Problem 9-48 continued 

V ' ‘ ’ f 

ct") Refey- lo g,-n 

/7~ Code 

pi = 160 // bar 

T1 = 560 ff X 

p2 = 10 It bar 

p3 = 0,08 // bar 

p4 = p3 

p5 = p2 

p6 = pS 

p7 = pi 

etat = 0.85 

etap = ©tat 

mdotl = 120 U kg/s 

Ccw = 4.179 // kj/kg K 

delTcw = 18 

hi = h_PT( 1 Water/Steam", p1 p T1) 
si = s^PTCWater/Steam", pl ( II) 
s2s - si 

h2s = h PsCWater/Steam", p2, $2s) 
h2 = hi" etat * {hi - h2s) 
s2 " s^PhfWater/Steanrr, p2, h2) 
s3s = s2 

h3s * h_Ps( , Water/Steam \ p3. s3s) 
h3 - h2 - etat * (h2 - h3s) 
h4 = hsaLPxfWater/Steam", p4, 0) 
v4 = vsat^PxrWater/Steam", p5, 0) 
h5$ - h4 + v4 * (p5 - p4) * 100 
h5 = h4 + (h5s - h4) / ©tap 
h6 = hsat_Pxf Water/Stea rrf, p6, 0) 
v6 = vsai^PxfWater/Stearrf, p6, 0) 
h7s= h6 + v6* (p7 - p6) * 100 
h7 = h6 4 (h7s - h0) / ©tap 

Qdotin = mdctl 4 (hi - h7) 
y = (h6 ■ h5s) / (h2 * h5) 

Wdott = mdotl * ((hi - h2) + (1 - y) * (h2 - h3)) 

Wdotp = mdotl 4 ((1 - y) * (h5 - h4) + (h7 - h6)) 

WdotcycEe = Wdott - Wdotp 

eta - Wdotcyd© / Qdotin 

Qdotout = mdotl * (1 * y) * (h3 - h4) 

mdotcw = Qdotout / (Ccw * delTcw) 

fT Results (Ch = 10 bar) 

Q* = 3.219 x 10 s kW 
Q^, = 1.918 x 10 5 kW 
W c , cte - 1.301 x 10 s kW 
m c/t - 2550 kg/s 
f] = 0.4041 
hi = 3465 kj/kg 
hj - 2863 kJ/kg 
fh = 2221 kJ/kg 
ftj, = 2110 kJ/kg 
h t = 173.6 kJ/kg 
h$ = 176 kJ/kg 
h t = 762,5 kj/kg 
= 782.4 kJ/kg 

T^€'i'hepmA I e£Cicr<et4£M exlvVbf+S 

VY\<tXt w \ V\ -H\e V*A o. o f' T€£dl wetter 

pre«urei skdUeJ.. 
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PtfQgUA] 349 

k-N)OWU - VJ&l&r is 4Ue cgcdciitf? 4lu,v4 w An yr&jtmvcLl w^e fej*lu**e wt-U wi4k one; 

£|os^ t>afa a4 var^as art kMujH. g 

PftiD : ^efc-n^T^a fa:> 44 e role of J^-e^t cu*dE4c&^ pe>- kg oF $4e&*>i cpvferiV? 44 *l 

Ci) 4*Usl 44en^vif ^f4-1 ottv*cy J C044ie cjf ke&f- 

4mvufW -for e-o^iite^saf p-e^ kg c£ £nf£rr/Aj 44 e ~f *-sf&juf^t^^► 

f?Cri£MATLC fe nriVBbJ D^-m : ■> . . j 




feedwater; 

heain: 1 s^K j 


VW« 7 far l 7^f t>.>_ 


pYt>c.^s *4 pwsfi^g c^oIa CtmViott&Kf -i-rap. 

4vtcu>j f roce^si. C.^ kitivj-ui qAac* f O'ktK'J-i al c-ffc-efs’ 

tire wegligiUe\ ^ 

AWLYs IS ; 41 * tftjc^v <5"K4t, 

fofcte j ; p^- loot>ar^T,-4B0 ,= t^ ^ k t & 3 3^,4 k3 [kg , s t - ^,3 2.62. kTf%’K 
JV=T w, s^s, ^ *,_= - o.qti<? j ^=2^84.5 M% 

■SfefcsJS.' P^-O.ot t<vr SjP-S^ X 3 * 6.' ~IV\1 > ^ = 2.00^8 bJ Ibg 
p 4 “o^b ] v>£Pr i £a±. U’cvod =i> k^ = J5-KS3 b^Ucy 

SbatoeSi’ U ? *- U 4 -t^^ r . ?4 | a 

= 151.5 3 -t-O-ooMxiD' 3 ) -O.oOW- 

s. 15I-S3+ lO.Ob = Jfc| .54 tiTlMg 
* p • Tat* o *r t,cn-'U>?.o ,> c. %■ h^cs. kfiCT-jj = brl% 

^tsisJIU p_j — bfi^j Scvf-. Vi" * <-^ul ^ K-j — T. l-'S- 

54-tvkS; ~U n - tfii.zz brlU** 

CM Fbf 4'ke.skea.m 

Qi\ fyK = W L - =- C3321.4- b^l.Zl) = 2i.2.4 W-Tf i<^ ^ 


j o* 


1 tT 

[ \*<wr 1 


. lo 3 (J'V* 


(S\h/tV 


Clo^) A pp'v^vKa wci,s5 fl/v\c( loal&v«-C£S coViK^l v/oU^witL eKC.l<j.ii^ 

'jWl^S^X iW«r Kca+e-r 

M~ ■ ; , - —-;-T— = 0,2fc.ns 

J ZbBl.® r feHl.Z-Z 

Pt>r a. a^wlwt voUc^e. ewc-Losm^ *JrW +uA f, KiVe sfti^ies 

V'fb/W\ l - C k i'U-lJ + C l-^"i t k-jT' 

- C3 32.t,4-Zl.84.8\+(l-O l Z^j=tS>CZ4>84.B-te>o < i l e') s iUf,7 t^/Jcg 
Fb^44^ pu^^vvp 

Wp/A t = V\ S "K f = Itl.s^-l^l.s S - IO.CC. b3/kj 
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Problem 8-49 continued 

The. nef } per u-y\d~ muss gutJermj -fUe. -A-rsf- t-u^-4 

Wc^ di-e _ vV-t Wp ,, _ „ „ . ,. 

rtTT * Tt? * nz^-io.ofc . inn ut(% 


\ rvA k 'vx, 

>5r*\el +hc I e-££ic<en 




is 


v\= Wcajc|€./ <$,- k =. Ill4.<* / 2.6x4 58 0.4Z-7 £4* .7%}^_ 

C<l) for ~K/e ctrndeujer 

a +* y Ue - 

S Cl - 0.2t^sy 33-2-1.4 ) ■+( 0.Z-G» < ^^Cfc £ i^.2■^> - (S/.S3 


= iso+.i 


iL 


Oouf/rtj, 
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peoec&M 6.so 


l^rO»uiM : Tl^ v'-^.ge.^ev'A^-we- fdaubw*«-(Ujcie of PrDbhywi f}.4H ls fried i-fi'&j{4<j 
iiAclu,rfe 4uvblrve puny isen4rc^ic^idenci<& of 0.6- 

FiNb~. AwSwev+Ui •same <ju.esf lows <ls iw ProWem 8.44 -tcn-tbe madefied cotk. 
ScHeMATic- £ tt-ivfeio SATA : 



P, = iOotar <i-r) M ^ 

' r = 4 go<t -153. < VW °-8 



\"^Ato 7bn-r 


ti^uw4 W 


EhJOlfJgcPiNfr- MODAL : -Set Problem 8,44 f eKCepf v\^s n^= M. ^ o,8. 

Analysis? Fiwrf", f beencl* j>riwci,pa.l S+afe . 

5rt-a4e 1 ' p; = lOobcurjTi ~4 0O°C *$> U ,- 3kTlfog ^ S ( = £, .S2.8Z- kTflc^-k. 

5ft/4e 2. ’ U 5' fr f t = ( b i“ b E 1 / ( b ,- V\ ^ V\^= V\ n^C U | - U 7 . A 

Wi+U Vv t ^ = 2.(<>64.8) WTlIc^ from Problem 8.44, a.Si'Z.t u^Ilky 

Svk>ig.3 • o.Ob b<^r,S 3S - S^.To jiniferpolafe'^"ra.kleA'3 i S_j=fa.6ID ^ 

y 3s J ' ^y s -%\ » o.8e>n i V. M «iOTi.owrtfcj 

= h t -a 22.41, b leTlIcg 
•yfafe.4 : p^o.obbA^, Sot. liquid -=5> h<* * < S I .£ 3 kTlkg 

SifiiS-S! USovj ’t^ — Cksj-hAAby-k^ awc! b$ s « t6>|,'3 <: 7 ^pror, Pnolole»w\8.44 
Vvg = lf\^-v C — lk4.ll l<3" l kjy 
(?' ■ V\^%, h^CTO c k^'l.'L-ZUUf 
■S.-b.k.n : p 7 = 7 bcur, J<xf./(^u.t^ b 7 - *>41.2Z kJfbj 

fr Meft • h g s b-j = <*-!,«. USTlka . , 

<<0 h r U<,« ^<*24 

CA ^“2-— 1 v l 


- clzszI 


© 


u_ \lk^l 
J Vi a -V n ioiz.i - 

^•fc / VVv 4 s + Ct- 'ij) Ivj^ =■ ^3^,46 1*^1 ^5 

Wpl¥v\ t & ^ 5~^'4 s '^--58 btr[ bj 

^efe/*., =^A 

^ = 0.mC*s.i.i.W 

u Qt^/ 2-CoZ4 


Cel Q M /m, - O-^ U 3 + 1(1 b 8 -U 4 8 1160,1 kT/Ug~»- 

1. resui+s be compared wJ*tfb+Uc32.q^ Problem 6.4^ 4ts 5ee,scr)iG of 

-Hx« efCeol5 of 'furbitic S^o^l ay\d pump ]Vrev*jibi li+i’ei; on cycle per/brmanre.. 
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rftoeceM b.5( 

Sec. Pr&blcrn a.so. 

IX Code 
pi = 100 H bar 
T1 - 480 H “C 
p2 = 7 // bar 
p3 = 0.06 // bar 
p4 = p3 
p5=p1 

p6=p1 

P7=p2 
p8= p3 
etat = 0.8 
etap = etat 
mdotl = 1 

hi = h_PT("Water/Steam", pi. T1) 
si = s_PT("Water/Steam", pi. T1) 
s2s = si 

h2s = h_Ps("Water/Steam", p2. s2s) 
h2 = hi - etat * (hi - h2s) 
s2 = s_Ph( , Water/Steam" 1 p2, h2) 
s3$ = s2 

h3s = h_PsCWater/Steam", p3, s3s) 
h3 = h2 * etat * (h2 - h3s) 
h4 = hsat_Px("Water/Steam", p4, 0) 
v4 = vsat_Px('Water/Steam", p4,0) 
h5s = h4 + v4 * (p5 - p4) * 100 
h5 = h4 + (h5s - h4) / etap 
h6 = h sat_ Px ("Wate r/Ste a m, p2, 0) 
h7 = hsat_Px("Water/Steam", p7, 0) 
h8 = h7 

Qdotin = mdotl * (hi - h6) 
y = (h6 - h5) / (h2 - h7) 

Wdott = mdotl * {(hi - h2) + (1 - y) * (h2 - h3)) 
Wdotp = mdotl * (h5 - h4) 

Wdotcycle = Wdott - Wdotp 

eta = Wdotcyde / Qdotin 

Qdotout = mdotl * ((1 - y) * h3 ♦ y * h8 - h4) 

!X Results jQx = 7 bar) 

Q in /m, = 2624 kj/kg 
Q^i I m x = 1701 kJ/kg 
= 923.4 kJ/kg 

r} = 0.3519 
ft, = 3321 kj/kg 
ft 2 = 2812 kJ/kg 
fta = 2241 kJ/kg 
ft, = 151 kJ/kg 
fts = 163.6 kJ/kg 
ft e = 696.8 kJ/kg 
ftr = 696.8 kj/kg 
ft* = 696.8 kJ/kg 
y- 0.2521 


PLOTS 

0.4 

0.3 

! 

1 0,2 - 


-1 1 — I-!-1-!- 

0 10 20 30 40 50 60 70 80 90 100 

extraction pressure - bar 



extraction pressure - bar 



extraction pressure - bar 

Fro/h l ti£f ic\encu ptafjWAt 

Sec-fWrf n_ dcccc.se.fi CovisLd^mbl^ fl.fi -Hie. 
^'cessu.rc. . 
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PfcO&LCH 0. S2. 


1£noujKj\ Wa.+ev* u +Wt u>0/lt'w\^ -flvUd i* a. v«je*\e/a.fwe v*po r pow«y-c.yc!^ 
Wi'Ha, One ct®se<4 •fee^w^eir U««.+e<r. Ia,4a_ erf various loccck’tovr 
A« kow^ flUel -hWe OtV pow»«rou4pw+i'5 9*|V«VA. 

'■ p€4«/n\Cne(c<j ■+!** 4Uev*n*( eH«ietw.u nivJ. (W iUe mA«s -floto rate iw+tj 
-rVie fi.Vs4 ■kA.rKne 5+ti.c]*. J c, 

Schematic 4-^we>o WA'. j .. “ 


sxo *c 


(20 bar 




1—5>w, 


|/^Unu£nHf\\ 


Tfc® ft0 9 C. 


g/J6 W£eftlMf^ 

£IpP^C ^ (j) Each ccmpo^^kt /5 4n*lyze<4 cl c^^-Hrtsy /otiA^c of S^CAcUj 
S-K4e, C^? Alt processes of +h* lOorkA^ (Vi^kr-v^lLy r«vecs\ bltf* 

Cxceph-fcr fW e\tpav^<?vw ^Vfoy^h +ke 4r<a_p (<1 -fhra+lKng 1>fOt«tO o-uJl i*, 4^ clc^*<4 

^ettiujaAvr VteoAev". {3} The kj^biWs J , OlwJ -f«ed.(ju^fe r Uect+€^ SJpem+e 

A.A<i*kaKcQ Uy \ kihe-hc pcfe»AK^I e^e^jj tHecir are ineQlCj flale.CS ) 

CjTt^i ievvS^ie eKt+5 4 Uj!. ctav€cf hea+er a\ul -hLe cor^eu£#ir I {* uc\A 

at 4 Iul r€ipeclh/€ presiMTf*. 

An Auns\£ v First ; 4-vke^cU of +Wi principal sftvtes. 

Stftfe l I n ' /2P b«r , T t - 5 20**c ^v> h t u B^O/J lfT/k3 j S, 3 b.Z&SS kX/Ug-K 

St ^l : p* 2 to iar <> 0,19 3^ h x * 2*7bHrZ kx/k^ 

Sfofc 3* P 3 * O'Gt* J S^S, ^> X J * 0.~7TZ7^ h 3 = 2016.3 kT /Lg 
5fM : jP^ =i c.o t bav ^ Jaf-. f/^u-uA =i> « /3/.S3 UT/kg 

h 5 K+^H c rs-Fh> 

* /3l,53 ^ r 0-Oo^yXitT 3 )^ 3 0^0 - o.ot,) b'<MT 

n *3 

- *5^53 +JZ.07 ^ ic.3.6 kX/U 

Stcde fc *« - JZo bcur j, Tt c *7o 6 C Xn+erpolaA vVg [k Table A‘5^ h^p 7Z5.#& iiS" 

Sta-te *1 •■ f>-, - iO beer J Sut. liquid =t> = 762.8/ i^T/kg 

S -fade 6 ’■ ThrottlrVig process =4> h B » U 7 ® T t.2.8| kT/lcg 

(A) A-pp'jji’w.^ wu^ss o-v^J! ciAer^^f /at* boclauc*s +o tic* cov>.+r6l /eUA-nui Su-irrouvuS- 
i fCn. closed -fee<Aujfc4ev' Wea.+ev- ; tU frAcfiovv «<■ +W 4 -Iouj y e^4r<u.+ed( o-l" 

locafiov^ X is u L n 

ii » 25 _ 125 -8C. — 163.6 

^ K- " <5.2.80^ 

For- tUia. covV^l Volu.^a. 5U¥VcuuJUKg +Im. 

N ^' 1 - ■*-(1-^) Clia.-Uj'i 



,kT 1 

1 kr || 

[ io^ KP v* | 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












































Problem 8-52 continued 


+ C 1 - .'Z.8ca)(2~[feH.'2- * 10i8.3> = 117^.0 

Arte*., fof +V jUJUMf) 

" U S -ll* - lfc3.4» - ISL53 = 12.0-7 IcTlkg 

For voo</U’wj £Uaa 4 -^WroucjU +Ujl steivvw, ^ewerafor 

5 ==^- - V\ v - V\ t = ^qoi.S - 725.Sfc ) = 2&75.‘t leT/I^ 

TUm^ ; Ha -B\.enwa,l eftCcicwaj is 

H7U.O - 12.67 


W- 1 

Q-** / vv>, 




-6.H3V OW/O, 


0 ®) Tk* "flou) vc*t^ u*Vo •VUc [■iv r f\‘ Via 11*€. sj ~a^e ts ■fou^d, ft'dr^ 
V^«jclc 5 , - Wj> /vvij"] 

0 V W circle _ 


W\ - 


[_VJa| K» t - Wp liv*^ 
(.320 K\\0 


I lo 3 Uj/5 

3<pOOS I 

1 l 

l U 1 


= q.VKiO* kjtL^ 


Vt 
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PB.QBl.eM 8 . S3 


|g.fOo^fj: TWe r-wjftvvc'ra^vc. vcuror power o-ple of Problem &SZ is modified 4o 
include -H\o4 eacU, -KxvbiUe E+A^t has efficient^ of 0i*/*, 

Find.» AiasuJeir 4kfl. satvie <3ues-K’o>.r aUowt FUe. wio^i-f \tiK O4ol« os 

Pr£>(ofem 6. 52. 

SCHEMATIC £ frtvekJ SATA : , lf 


IW 


tJMMumUz 

MpDei .: 5ame as ProUe.ru 8. 52. 
except *4, ■=■ Vl^ =. 0.S2.. 

Aa/a-lySis : Fro kva +ke scUx-f iov\ of Pro&le*vj &..$z. 


120 W 


SZO°C 



y H^^n+^o.ez 


k,-3401.6 IcTlIcg > S, - fc.sss-s kT/k 3 .l< 

W M =• 151.53 kTlkg 
Uj - lfc3.(o WT/kj 
k u - Ti5.8t VslLg 
V^Vi® = “lfel.%.1 kulk^ 

S- Me y . UsIwg +Ua furW* t effi t t <waj V\+, * ( K - Vi»^ /£ k, - V> 2 s ). W»4U 

Va zv a Z7fe‘f. , 2. kJ/U^ CPrOloWwx 8. SZ) 

Vi-j_ = io, — h-t, ( - 187 * 1.0 WTlU^ 

Froft\ Tab\e A-4 Ujlluj-K. 


Skate. 3 1 SimrlAir-Uj, oji-Ha. ^ = o.©<» ioo^ t $ 3S »s a =£»• * 3S ». 6037 avJl V»j S 
S-AOH 3.1 kT I kg , tUjus. 

u 3 - Vi,.- WtiC Ut-V\-5i\ = 1Z3M.G k7|l^ 

(d) TW«. -frocK'frw. ef -PIouj m is 

1 1 - kfc-ks 

^ ' ~ ul- u n " 0.2<°57 

For +Lt +u/rku*e. s+euj«s 

Wt/^, AVi,-u x ) *- o-y wu^-io ^ m.o kjlkg 

AaxA, -far -Hva pu.wp 

^p| ifiij - lr»s-U 4 - 11-6*7 WT/U 3 


Rjr +kn. wjorUiwg -fluid, passiv^ TV no ul^U +kc- sfcawi gtnotater 

QiV|^Cs t = h.-Vifc * 2.b*7S-.4 UTflc^ 

TUaxs, -Has. -fke/YKaf e-Pf icier «xj us 

Vi - - Wy |^ v _ _ _ . ., v 

A~ A * 1 • s 0.3G8 (it.8 /©)_*_ 


QiVI tr t 

£b) Tkc «v\^s -flow fate mV© -Hie ftVst Wkiwe $t(ky u 


V\ 


»V\, 




C322> HW) 


-Wp/(vi,| *0 - ll.OI 3 k7/fcg 


(10 s W/s \ptoo S 1 ! 1 , 

\ 1 UuJ H iu J -knxto kj/U, 


Wi 1 
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P/?o<jl&W 8.S4 


mim- tk< modified reqzmr&hyt cyc/e !h Trobtet *i 6,4^ i$ fetors \4ered- TAe 

Js pu»^fw-4 n*t t> fke boi/er Ij’^c, 

PA/D : /Fhsuw f&e same about Hid cjcte wi+k^ftw 'farmer 

yKvdif icaftoK as in Pattern 8*49* ^fions. 

SCUSMATtC t GiUEk? VAm - _ 



EHM M ELf P l NCr- 

nfinm i (O EacU Co napon^f is 4uA(cfzed a control volume at £PCa&M 
Stafc ,(21 AU processes ©f -K^e uJOrlc i^ £6ouW ore im fer*\a (Uj t*cepf 

{or ’fke mixmq oF ^freaois & av\4 6 4o form ^ . 0) O+Wr as$u*Hpkons ^ ik 
Problem $.4^, 

ANALY5K: Firs+j fix each -Hid principal £+&+<!$. S+afes l~l are 4Uc Same as i* 
Prolix 

W t - 3 3ZI4 torlkj 

V\ z ^xb6A & 1*11.22. 

h-j * 20a*ut> K 1 C ^1.1Z 

U 4 ”J5/^3 


U 8 x, h^ + v n cp 6 - p _,'> 


- -- —'i^i — 

=■ fctfl.ZZ +■ 10.50 ^ "7D7.5Z MYL^ 



1 IUT f 

1 l wr 1 

1 fo* *J k|M f 


5-fftie 7 ~. First j < ^ppl<jm<j mass amdl. e.v\enj<j ra^a. baU/wtes. 4& +Ue cUs«<^ ■feetHuw-'tor 

ViCat^V^ 4Ue ^TOxFi.cr>, --fioaj &K+ra&V«4 <3Lt 2. is ©i>4mVe4 as fo(,(.ou)S 

0 - <<-y^U 5 - Vsc,) f y ( la, - U-,) 

_ CVi{,-Ws) _ _ ((/n.ZZ--lbt-S-p _ 

^ (Vi t.-V»-0 Kofi's) “ [zO04.\J-b<n.l2Hf^7-Zi'JfoI.'S 1 fl = <9 * 2 ' z5 
Naa)^ -for "Hs« cowtral voU^ivie. ev'-c-lostl^ “Ke ViaVxi'v^ process 
0“ O-ylh u ♦ yUj - Liq 

V^ -d-y>U fc + ^ bj, = Co. 7017')(fan«J+-(.2.(13 1 (T 07 .S 2 ) 

(a; The hea+ -hra K^er' raft SJkI vv^ is , , v 

6,*/^ = W.-Kf, -fcW-40 Wlkg Uilg-*-» 
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Problem 8-54 continued 

(b) Fo»—Hie -fu.r!oi nes 

( k t -I a ■Z.') 4-0-y 1 ) C l\ x -U-3 ^ 

- ( 33Z1.4--2.(084,6)+ Co,n8n)C^ fo84 -© - 2-0O9.8) * Ufe>S.3 L^li^ 

A net , -por 4~k£ pU-wvpS 

= (i-tj^(la s -U4)+tj CUig-U-,') 

- (eri6"PV lfcl.S4- l S I .S3) + (Q.'L\t'$)(~!0'~l,S2 ~ MT.ZZ) 


tWu: 


= lo.u kJllg 

^Ci^k. = ^ _W£ = U18.3 - lo.u = US&.Z 1=3 Hoy 

w. Wi * y\\ i 


Awl , iil|| --o.44z Om.-mW-- 

' <3mlV«t -2-UZ-^ 

CO For -H*e G-orv^rvser 

GWt - (l-\j) = (0.-TlBn)Cz.OO4.8' I5I-S3) 

« l 4 fc> 3 .S kAj/Jcg 1 ^._ 


h 


w. 


Q&rt'l iv< v 


' PH 5^1 ovu pum/iiVi^ fke condensate. into fk€ bo tier feedivader (/tie 
a 4 u an femes' <n^v faro-ppiuq if into fke Conc<ei 43 er Tk« /i-wcftcm of She^m fy 
CYfTai&d at <3 tV /ou>e-r y r*/w£.ti *<3 in ^rea^er" work, per u«uf ms.^ floco •Kirou-jk 
^te-Kwbme. Svuce -fUA pouter 15 e/>Wjfo.w-t f less-Hoem* reau-irea. Tkis r&s ulte 
IK 1 0 we-r Ueccf i v\ p u,t omjA Uuj'Uer fker ma .I eff lc iew cy . TU $> u. r*p tng oph'ov\ 
also eli 'm tvW« 4 ke Kreverstbilify 4 jua 4 o -fke tVtwpmj v<.lve. Fi'rtaUij,-fke 
pUi^pii^ oplurw is SomeuikcH V^Ore cov^levr 1V1 ferr\j of -pipiVij r'e^urns 
om. aAdUf(iJYi««_L (pu**p m -fk£ s^-jetA*. wtfU CtSsoeiafett maim fen a vice. vice^As. 
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PfioSt^M 8.55 


kMouJiu : The&LKkm< c^cle e*f Prt>klfcmS.^ i-s inoAC-fi*^ 4o iW-Lurfe 
ov^e ctosc^ heater op G <"&.+! ^ a + i°0 IW ih: TVc. Ccm- 

^fiasa-k from -fke. keitfer is -kD.p(>e4 >kk> Hm cowit^S €.r 

pj^l[> ; 4-nSuJGf~ -ffcJj. same <J(A«sfiwiS about +Ui WiOdti'fiW^ cycle <W (K. 

Profajei'vi 8,*) s an.<| cic-Scu-ts -fke, npftUts. 

' UK 1, &/J» 

SHEAWtC j , -g-- r r, t iM« ‘^H> 

ni 



Steam 

generator 


/'/&&■ rwtttf 

/ r y 

^ l f 

Ajnr^f 


7 &- "wip 


1AAAAJ1T 


ii h 


s«t-. 


105 US&T_ __ 

T^lPEdWilttf ] I j 

htatfif 1 V 7 


w 


W —v> vT- 


MODEL ; tack c£>Tvvponen-'t li q-j a. Ccrw+ro{ volume ceb t'M*, 

<£) A'U pf©c.esse£ of +Uiujprfe-^ +luiA i"wV£<a^Ujj ^c^ph -for* iVe 

^paUiCcrw. 4^ro^k |r^ £ ft fkrottf ik$ fro^s) via -fU* cUudl 
keft+«r # (3) Tkt tuYb!««j pu.^ j c^vU ke^fe^ sptifwk Clg. 

(4] k>^tVlc oeuJl poftiA^al ^ftCi+r vi€i5|l{j\lal* ,<£J CoK^PtAts^+e +W 

kteyerf Vieeete*" cls Sotfu.^*t«4 11 ^u. l <4 *,t" lOOlW/unS ^u4 EW. c tv 

U^u.L#( ct-f i 

A'frJAuVSIS : F^+; -pv*<. o4 4Ve prmtAj>a.l skeies. Frotn +Vjl fcoluAufo, +o TV&U^m 

8.1 j 1^*1541,1 BVvUlt jS,= l.t/JIT Vij 3 <\ U .2 ftVu/IU ,^4 * 04.14 fiht/It, 

(XuJl h s * 14.51. atu/it. 

5-kte i : p^*too SbfJiK 1 :, S* = S, =i> h* = UU>.7 (Ny/U, fT^h 4-40 

SM-fe 6 : ft. - lt*00 IfcM J'vt j Tj, = T s<l j al0o tutCiS. r- 3^7.SIp °P^> £»r« T«Ue A-_f£ 
kt»3d|,(* fiki/lb t tisufjle ivitet‘( to i^+‘ l ? , v.') 

S-kete 7 . p 7 = le© /f|tt(.'^ =£>»■ fc.j -ZlS.fc 6#a/ilp 

■State 8 : Tk« f ’H'ln , g preteii =i> hg r lj 7 - Mfi.ib ^u/lt 

rnc,ss aitJ rate Waaces fa Ctos^ faej.tvafa< {lea+ev, 

the tracH'cns. of y, e*+>i£<.c+«.4 af loca+whvZ is 

a 3 -fc^-' c '' w, ° 

(aj 7o ef-e*A«rm(^e fOUi-«v- dtvtiep*/. ty fke tytfftj iu-H».a. control 

V'ofu-vKt a,r?u^i -ftiL 

%, 3 ^ V ‘‘" Ul l +Cl ‘ yl CU^-W,) 

= [0^7.1 '’11(0,1)4.fl -0,2440)(t7J0.7 -^Ll.t)} 

= Sltl.X Bki/tfc 
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Problem 8-55 continued 


Fbr -fie. 

- k 5 -ky -(74.S2-feS.i*) BH/lb - M.12" BH/tf 

r^i, 

IwrH Vvv, - !.•« XiO 1 * Ib/U ( Prob(«.** 0.9) 

* Uimo* -- 1.200X10* et^/k _ 


Cb) TVec^-t-iotwcxj 




VJ 


WojcVe 


VIA 


(*vW> 

C7t8Q0 T»Qg)eki/k _ 

"ib/Ult'1541,1 -301. t) s ^/\k 


-ow MJ%) 






^C) For hva- ccnut-euse^ fitA mass a»iJl ^wa^y rafie deduct H 

0 = >r>, LCl-y) k 5 + £ kfc- + Wicw^c^iu- Kw.ouU 

uAeve vv\ tuJ \S +k* wux-ss floco c«d* o’f cooUn.^ uitder-. 5o\w*.g -for vv\«,w 

yk, [ C 1-y \ U-i + ^ Us-WT_ 

i.t ■ ’ 

C “ ku**,itA 

UnVU. k tw Aoy^ TuVe A-26. 

U4* l « to M^UO.^W.^ (0^H<\)zhQM - tt.rOtfe/lb 

VV\ " --“- 

tw Cye.o^ - zg.os ) eW/Vk 


* %w Xto 7 Ib/h 


^Vv) 


T> i s co2~5i o n: (I) Since. $om( yvu*st tJ e^+mct ect -from H« -kwrbtKe y +1* powar 

cf€v/dop«< IK fU*. moAt+fid cycle w i-e-cs iUexn -for -HU <yt(e oF Problem 6.^. Ol TUe 
rtdc of kea> -fvo-Ksf^r 4® FU. loot-icing -flaieC pucstVg jUvov^k H-4Z 3tea»K raV- 
, s (<is 4br H>* modified CJHtle ctw-e +0 reqe wetntcft'^ m He clored -feed wafer 
|l££L+*r. JVi -fki.1 c«e, -fkermaV efficiency i-S /n ceased due -fo reyenerafioK. 
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PjLO &UEM 0. 

KiMOuojQ ■, Tke of ProWe** 8-55" ii vnedU+>ie( +o iv\tlude 

fUof Cac^ fu-fVnwA $Wjjc Ws «xv% efCCclen<tj of 88 Vo avul -K<e fu^p 
efficiency of flo e /o. 

P i NJ D * A^sujcv^ + he same to*\s 4&r fta VK<xii'fie4 eyil«t i** P^dW«¥vi 8.££. 

S<meMftnc j frtvao MEi - cA 51 -* k*o % (fa/W 

„ 2, % n __ p^ftoo ft* (i - j» 

nu wfr -h> 

ft- (100'f- 

I 1 m 




^C-OhJI - 
! »fc+l»W* 


<jiii _| <5^- w 

r -“T- 'X Pump 




n 3 


;o ° whtzzr 



7o°f 


fco ft f= 


<r>—O 


OJ&tMgERt^fr _ ,. fi „ , * to 

MoPgl * at Prolate"'* 8.5^ except* ~ *S8 o.«.A Hp ' * 80 - 

AmAo/Si^ *. From ?robte»n 8. ??_, In, - 1541,1 fitei/lb^ S,-= I.WI5 BWlb-°R., =(»9.T>/S)«/fi i 
t, fc = "Joi.lo ©ki/lfa^, lj-, = 2.?S.S> h fi = ln 7 «. Z-J^.fc BWlb. 

•51tif< z : Use fi* {turbine sfcrfje eHitient^ , First, p^»io© tlofftn? at*Jl 3 a3 = s, 
h fci = (tio.l fihx/lb (Problem fl.SS). TW 


v u. 


(>c ,*)« * v,.-u„ ’*’■’’•- H t. <l ’'- U “' - '«'•' «*'“■ 


From Tabk A-MEj s x =» U18H Btet/lb •”£ . 

SWfe. 3 • StrullarUj ^ - I ll»f/(*^ j S^j a 5^ a^> = 0*?"iTT / ln 3l - HV1.SS Bfn/lt 

7W, h 3 = U x - H + ^Cln l -U, s ) = 975,7- BWIt 

51»te 5: S-faJe § Li 4C*tJi ols'ixj} tUa. ipiAtwj eft<cien<*j . F*~om Probl-em *■*>> 
hc t » 7M^6fu/U> . tW 


Hp R 




Wv 


Vi B -Vu 


Vi 5 a ln v + (Ujj - b*)/>y = lS.7 , 5Bk t/, b 


He -fructxen. y ©* Ha -kcrbme ££oo0 e)cbr«t^<^ £Lt loc«.iC*-n A ls 
(A) For +Uc Ujurbine ^f<^ges 

% ‘CJ..-M *h-*)<Ih-W,1 

* ( > I5M1.1-(ZS - 1.0+Cl-0.TV10(USU -^TS.1.) 

^ Soi.o% e4u/iio 

F°<r +(lc. pa«*p 
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Problem 8-56 continued 

1* = ^S-^v, = IS.HS-M.IH -SKIS' 6tn/l\> 

+Wa. Kaf poiAJci r de\Ze.loped is 

~ [w-i/rw, -Wp/«,3 

■Ul*iO k [_S'°7.08-b. l ?7S]?^ : 7,9ic» no 6 6WI, . 


(b) TUi ^ 44 -cci«wuj U 

U a _ Wogtle 

vt \(U | -Wb) 

_0.0(1 Xto® ) 

tWwo b )( ISW7.1- SOl.tp) 


- 0,Hoz (WO, Z%^ ^ 


(C'i The twa*i -PUui rate ©-P- co©UV$ water ‘t^xT>i*$k 4U cotvA€ks«^ u 

L^i-y) k 3 + jf *i a - 
w» tvo - -— -— 

_ U^xio^t (0.7frt<Q<?7S,?.+ f. zun *18.t> - 01.7Y7 
c ve.ci - z8.o &") 


iL 


=■ S.U 5 x< O 7 (t/W 




CteJ 
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PZOtcm 8S7 


fa)Ou)ki : V/afzr UiUti Mxb'uj-f{ia 4 iha. r^Aaiit^rahvc. vbfor pcu^r cycle witU ok-»>_ 
closed -feedwA-W- J htcckjr. 7 >odetS c*wz i ttked v&riou-s lo U<H<rr-s 
"fke. VU6-44 WMl t>f •oa.^a wA 4ke. -first-S-tax* +uj 4>! * t, u . 

"!W +c^p£.ra4ur<2 ©f-+Ue 6ooliV\^ j *t1v*T)u,jk -Vke. Ctnvi e*#'' <cks»«u*>h. 

^A-j^rmiVe. O') "Hie v\«i powar *Uv^W>pii#C\ (%)+ke. fafg ©4 Ue&t 

t4C\c\tv\<j4f c\m& Co) -HlZ <n&.$s -^tou) ra^e “'f 
C£>t»llWA K/OvfCA'" p£L£i>H<j j^J^xdSLy^C, 

Scute.MATUT ^V-Av 



gw&W£=ftr>Jf. 

Ol ^a^L\ co >Mpo t k t 1 5 o,n*h^x*.d ks c. c.<>vv-k-q/ ^oLurtvc af s^caJ,^ 
Sfeta, ) AM processes of +ka uJOfU,**^ ^uiAar*. iV\k evilly r&v^fsible, 
6KC^k>f EU e*pa*sia>\ ^rou_jU -Kut +r*-p (a +WrotlK^ pfot*tO o^vJl i^ z[o%tJL 
Vi*c*Ac'r. £3) KM'bi'ues ^ puiPAp , -Ne^u^fe r sper^4e 

a,i'Xil?or!- Cco, U^j A4 ) kivvcKc po+eiAKad e^efgtj e£fec+r are m<*lCjifcleXS) 

£*lf$ +lwt cU\€dt heokr co-ruieva *r c-t !i<?\*\A 

a_4 Hkd. rts p«cWe presjavr*. 

AmalS StS : Ffrst^(x €acM pr i pal 3-favte. 

i : f t ajfeo b^ ; Tj ~S6o^cl *£> « 34<i5.i k^Uaj 3 $ k * 6* S/?z kT/ksj 



S- fok ^ = ^-io W*r, ^-S\ ^ 3 ^-s^ 


■ p 3 = o.osWt^ y 


- C>4&3k J Kt“ 2/745. f IcsTl/oj 
S3--g>f3 


. . ^ Q,-rrS3 Ar 2-08T'& 

U«« i- 73 .eeLrifc,. 


ID? ulwd- 

i ur 

1 \dCwr- 

1 0 3 U-vM 


Siak4’ j> H ^ o l0 3 bev-' sod-. 1 i^ui< 

^kkl'. K x U 4 i-^cp s - P 4 1 ) ^ 3 . x . 

= n3.88 kC'.oog^Xfr 3 i^C^O-pcOg)^ 

* 113.88+ I(*.I3> = I^o.ot 
^kJid r^ibc bear, r fc - r^ 8]oW -- tBO°C . Pv^ T«Ue ft-S J 7?/ Lr% 
^.^••7 : f7*t0 Sad. I =fe> h 7 = 7b2..8i<J|i^ 

3UJe8 - TVvtftfli'^ process ^> kg-kT - 7t>z.Bf l<=^1 % 

Cc^ torvfwi voLu-kvia c,hclas't^^ 4"ke-c-lose^-f-cec[wtt+^ kjj-At^ 

, T7I - WO.O, . , e . M3| 

^ ^7 214 S.l-Tt 2.61 

THvu^, -for -Hv 2 Control vtsLoume tvuctojii^j i'ta-+cwVih«- ^4^.^ 

Wj,» y^,[ cu~+ci-vj'xu. L -u^3 

= 0^0 ^ )^C S.A - VI 4-5.0 + (0 nob 1Y 2145 .t - ZO 3l.o \\® 


[ k-W 


» Vsjis 


=• |,4^5x;dW 
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Problem 8-57 continued 

, , .. i.kw 

W> - ^(no =? )(Kjo,oi- j-i 3.8% 

Wc^sU c w + -W f * !.44Sfcx rof kW ^_ 

Cb} -For-H m2. 


U*r/s 


J4 3£> tcW 


Wt 




a 3.Z33X lo 5 kw -<s 


(3 f - u - CU~ - d^-c0(34(*s.4 -v?0 

CcJ tU« 4Ve,v~w\<M e.ttl<u-c.iACM ir 

W^t,!e/f&Vv -([.4 45 Xio 5 )/( s.'LSSviP' 5 ) - ©,^41 ^44.1%)^— 

(dj R>r 4W ceiyvWl voUxvvie- evicAos i ^ 4W oc^b^cv- 

o = Tn K £.C l-'j'i tj ^8 _ ^4^ + ^tvu ( Wn,t.u> ~ ^u^ciA 

_ v>; C-t I -^Vl- < + »j Us - 1^4 ^ 

(Wta lt w- ^cwV CzvjAT^ &mA Ccmi =4.114 -(VomTflbleA-14 

_ Q'z-o w 3k)f(onc>fc4y>o3^o) *(0.7-131 m.S8l 

^ ' " OWmC t8) UTfU, 

l^ s -- ^._ 


or 


CAnJ 




S IV 


K, 
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PKo6te*A 8.SB 


1£nou->m : idea,! Vajenera-hv*. RauLme. cycle e 

u'xcUxdj. -k-ivlo'iVte sttige «,wc( p\AW\p isekj'rop 
FIND ; A/iSwev +ke same. oUexrums as i h fhsblen 



©£ Problem 8,$i is rv>(*iC-fle«t-fo 

/V'l ■ » u i>»r r j i \C C E C S Q»(i ^* 

as i H Problem 8.5*7 '-for noerfif^c^ Ctycfe, 

(l-y> V l 4 J s h. e 0 ,SS 


^ /J : f£?o b^r 


Vr r 



iV<a^ 


oB lair 


f>M 

.... , . sa 

& (OW 




FuciMeg kiNft- MObeu ’. See. P*t>Uei^ 6.57, excep-f * c.ys\ 

Analysis : ftf-s’-f ,.£ix cac-ti o£ -flue (pvm cipa/ s-h^-fes , 

$±2ll f : ft - OO bay, 77= Sfeo c c k, »34<iS.f tTl/c^ , $, = 6.5(3z kT/fe^k; 

' 1 / . 1^/7 1 < & n4v^n 1 r 1 «—■i # u«< ■ j ri C »W. a Xi 


^f r 1 ^ V. —* , f l 1-ivy K- rL | ^ I U» ^ H ^ J ^ f “ (1/' U l 2 t- P^NJ | 

Sfa4e 7 , ; UiVwj -fkd is&nhrop'ic efficiency c f^rsf-Sfojc fcLrfeme 

*V k.-ulr ^ l*z * li,- 


WrtU Fl-ij ” 2-74SM kjjj<g -fvDiVi prabl-tv^ g. s>7 1^ = Z6S3. i kTfkg 

p 3 = 0.0 8 $ 3s = $^ jr^ypoiai^c )*\TaokA-4; -s- = 474 SI k?! 

^ x 


*? 


-K 


'3s 




*53 

U 51 kg 44^ second - -H^HhVo. IscviVopic ePticio\fiH 

, “ U _ — A I ( L ^L 1 7771 O 1’Tll_ 


»<Mio5t j U J3 = 210^,8 k3!% 


C*> 


3 = 1121.3 U-Tlk^ 

5jaV_-±i - o.oe>b<yr, .said Wuic{ «*» Itj/kg 

State- 5 '■ UjiVvj+Ke. iseK>-ha^>ic jj>iAmp<.'Cttci^.v»<Uj • \p=(h ss -l\4}/(Us-U</") 

iWi jUji-Hv Ks s = W 0 . 0 I i^A^g Pr&Uem 8 .S 7 

k s «W 4 *tUs«-biVvy *»«*•** ,c3lI<: S 

SV&te. (a 1 j^sifeo bctY'. From Ffipie(e»vi 8.57^ V 14 , = “I'M k^Ucj 
Skte.7 : ^-7tZ.6kT/ty 
SVtJeS'. U 6 " U-v" "7bz.6 Ullcj 

Ij^CVlfc-WiVfk-W^ ^C77l-WZ.S(-VC2-B53.l-7t ) 2.e)= O.ZlbG 

Wt-vn, - t^SZS Uv ^l^ u -Wj.-W e -l*'26xnf>V/ 

Wy = vV», C^s “^4^ ’^TfikW J ^ ^ V cy tg. 


(b) Qva av A CU V -U^ *3,233 XtW 5 " Ic-W-V 

@c^ Wc^tU ,j - o.'SIO CZ^,0°lo) 


<SCw 


\ 


Wcw' V 5 ^>^U C1 k, 3> 4-^U-8-Vul/Cc-^ AT^ -=-^(>23 U^(5^- 




U ~fl\ese. vesw-Ws cjx.'a (oe. corv^ar^M. -Vo *fao&2 ProU^vn (S.S 7 4o gee -£of7i« 

€^eds c^-4laa\>'^' , 2. <xmA i^iA»wp ir'tev^rsil&'iU^ies ob a^cle. ^er s (orvA£M4ce, 
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PRoSLEM 

KWOtoNt TKa pow.r pUt l*you.+ Of If 

D i-^ fV.choMi of+k 

“ V S+fct, * J - +*'«* + u * fr«<K—, y^y, V/ , y, 

gcrvifri^Tic jj 6#i;f^ : 5> r g.i^ *Y j■1) X? 

£M6tO£^ftmo ftftOtSi ,* Cem'Jrp/ V£tu*v\er af s-fafe C^t/^eQ^h £>£ 

prii^ipaj C<Wwp*iu*4£. J 

Ania tYl rs i L-et+in^ vlij de^f^ +d+*^ -f-Ce ^ + U* ^ 7- 

*K*fbi*f £ t, ; UU ft ka,/^_ 

— ac ? ' Yz “ . s -*S. 4 * * •• ^3= ^ sWr (, -. y^= ^ , ii^f: y 7 -- S 

w '< **•* ^ I A 

Appi^,vtj a ►"*** r-k IoaIail* +T» c^jn+VT»l i^fuuvt ««cloifnj 

+ K ^ fuirbi'vi 


'\ 




^c- ^^ -v 

* '-- t , 

t= o ; - ^*3T, 


Sift 


t - ^ _v^3 ^ U _ V^ ? 


“ i -it-ai -'n - ^? 


% 


A V^*Ff fvv- ^ c^»v\ Ka>l votv*v*< « ntX«i i'hj f W /'e».ii 

^<\ - ^ g ^ -2-0 

Fir +*• tloi«4 f«<t6u-o.itr h»«.*o^ .»«.<* VA\ve. } ™ y. - ^ ~ vU 1^ 0 . /Ws <i -for -f ^ 

Clo !* <J f li Sivft+u- *«».- 1 «.»- A w. <*- ptMAA-pj H* 11 a vk | D - k ej . Cdlt^cfrtJ /e E uJUl 

**>[\ ^ Wg *+ 

** ^fl u ~ ^ z ti - iv- l fi“ Hv- -* V? 

- ^ u 

J u 

^ tbt 1 f c«U-tiW^ j vCi ( | ^ 4 w; # 

AM. f Cf r tKc c.<«t« i I# ticu^fv' At* a«.d v*lv*€j 

w\ ^ % Wt |^ i 11 1 cK* 5 A^®-^ t-tXtr 

'~'R - *”1 -t-^L ==> ^>7 r y-3 +y^ ^ 
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P/?06L6M a 60 


Luooujio Wafer Is-Hie Mortem^ -fluid r’n a ^eyien^yve va^or ^ocoee &jc]e v>iAL 
closed and one opehfeed a>aM<r header, little ftl'e Icneoun ad various 
IfcCA'iiCTvS iw4Wojc(e.. 

find : j)&it.rmine Coi) AUe raAe. of heed cutdcfurn. pem (<^ of sham enkvhg 4i*e. 
'fhsf-Sfaqe. 'Kurbwc, C b) "Hit ■f^en^vtl -edfiaicvjaj j avusf C<f>-fUe Tide cf had 
-h UmsfcY ~k fi©e(‘Vtd WKt-fer jDkiSSi'mj "Hveouefk ihe. cery\<i&nser J f>er cP shea^x 

fha -Ars*- $fa$e iu.r lot re. "'- 


^gOSjUAtk ? 1 ftATA x 


:-ISO'C 


< 


/ t zt> b a*\ 

<—4tcPc 

a // Zo y&r \> 

2. 

i ft* \ 

« / 10 S 

8 i '' 

1 V 3 Iq*/' 


h u 

3 \ 

y Ckpa0,c{)l 0LC 




EMG-idPfil Ifjg- MOI>gi. : St*. Evto-vwpleS.t,, 

Amacvsls : First, -fix eA.<d* of *fUe /principal «4tH«s. 

Sdmcttt I: p ( =l2o box, T, = 4®o°C =•> H, - 32.H3-5 kTf } S l = IS4 kZtl^'K 

Sbzte.Z. p z - Z-^hamj 3%.-$, 4> iWeirpekvf»^ In 7a(Je <4-4 ; l83i>.l IzJlkg 

§&&!. '■ P i ~ 3 fcav" , S 3 = s , y - . 3 3 Sf 3 _ 0 6£} ft> 4 L - "24^0.6 6 £T//c- 

3 S 9 3"^3 3 ^ 

- O.OfeW^ S 4 =S, 4. _S*-S#< 


* = -0.7S 46 ii 4 = Z975. / Wl/c? 

4 S 54^4 ' ^ U 



IkT 

\ Ucur’ 



5-kde 5 ■ ^ 0,0i> Sad. I/^uicl =5> ^ = (S/.S3 tJTffcy 

\ % Us F l£(p fe -p s ) ^3 

**. is/.ss ^ +. fi.t!0t»4'^io' 3 y^ , ^3-o l e6H'w- 
^ 0 
*/SLSS4 */5l.83lcTfhj 

3ktfe~l ; f-j-S bom, s<xH liquid =^> U^z. Sbl Al 1^1 kj 

Sja-k8 '■ Ug« h n rv^ 6p e - p_,) =, 561.41-if),oiSzxier^Ciio-s) 

= Sbl.41-1- IZ.56, * 514-03 fcT/tj 

Sfetfg- 4 - Al^awte -X. 210% * s ^* 7 -' 7 ^ 

SWfc io~. «t 2.0 S*<xf. Li^tuM. 4> tCS.14 Itj 

Slode.lt' 'T'fi ryptfli process li /( = f) (t> - 408.14 IcTl/qj 
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Problem 8-60 continued 

(jk) -For-it ie covxbo! volume ’tnctcsn-ij ^e. Shmyt) 

= k { ~U H = 3 Z<T 3 .S- * 23 <K .7 _ 

GO F/f'Sij ■$Yuch*r*\5 exjinzcf-itd <xh 2 . CLvui 3 'fjosrr) e.yiergu and > , mss‘ 

ket forces #-n 7 ke Cto£<id <h*d header- Cembro! volumes t respecfvv&Ui. 

0= y(U ^-U |0 ')-k C Us - Uq ) 

^ us U <T ^ = ^7-71-574,03 _ 

hi_-^io -l©3*>.7 - loB.-ri 

0 = yh 3 + a-^y)^ + ^ l( -K, 




- ^7 t ^ 1 ,-Un) _ 5fal47")‘SI-&3»(p.lfc7^)(t?).&3-«7og.7^ 

^ 3 ^ to Z4HO.S - I$1.83 

^Q.l'Z&B 

fordi ie tonfnuf volume fevidcasm^ Tie -fc^Y-brne afa^er 

3 L K K- o -y-yo m 

^fy> ( " h, K." Jj ’ la a - tv*) 

^32^3.S-{0,lt7H)(ZB3t.73 -(b.lZoe)(24<Yfi'-dN- 0.711 3}f (<? IS. >) 

- ltd,Hi fcj/h 

fbH'kji. fu-mps 

W R !^0)CV\< B -UA=6>.~ni3X/s/.83 -isj.sb) = o.2)34 ustiy 

- ^6~^7 = 574,03-5*61.47 = 12-St 
'IXvjUlS * , - • v , . 

Wtij&Ie/vv^ ~ W^/vy^ “ Wp ( “ Wp^/vv\^ » |04ti.7 ItJ - //©} 

'T^c-fVerrooLl efticiJi^cy is 

(O for-fhe 


H 


©O ^/v\ ~ 0-y-yOCU*-h«^ =(0/lU33(t^7S,l- 15J.S33 

= 12 -^ ~r. r ic^llqj^,_ 


^ Ciu-f / Vvv t 
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PRoetzrt s.ht 

.fcKjoum * V<^lYwr^\v<L voyor p ou>2r" cy aU erf g.ko us moAvfiW-Jo \hclude 

rfurlsTwe aW ke^'h^keWciekxCifj 1 £>£-£),<£, 

FJ^b : ^ nswer+hc 5&>vie .^lAes+ions «.& ^ Pr^lole^ bo rfbr+^e ^eKtOfr**^ CgcJe, 

5c m*A&mc & Qv^kS bATA : ._ Mwc gg); 

h . * v, 



£Nij-lNi£Eft'fri<f- MCt>£L '. Seci Exotvwjd't. £.£. 

e^c^/fc 1^, -^a *i t « Up, = «x = ®*- 


#—W W ft8 


/WM-V SIS .' fi -fix tuicU o^+Tie prtwc'ipnf spates. 

• trfccte 1 : j> t =i2o bar Tii4Bot U, = 32.^3.S l<Tflcg S, = &.-$! S4 kl/fcj-K 
fSltfcHL 2 . *. US''nq +W--fWst- sfa^e-turfciYie e#-ic<enc^ : 5 \, = f K~k ^/fU,-U 2S ^ 
Wi-i-tv ‘■f"*" 0 ^ PraW* ^ 0 .6 o 

U z = k,— £U,~ - 2-47-8J . Frt>/y>T4tleA~4; 5^=4* .3921 


* R - 3 b«*v 5 


„ =. s =^- 

-l. -X 


5s = fell** c °- < ’ Mes J I. m »»S42.HP% 

lUtVjj “K«. -kwbi *\e e fCl c i e« tt-j 

la 3 =. U^-U^s) - 2C,3 5.8 laT^ j S 3 =fc.T7^2. k?[l<^.K 

OSj- C.7S8 7) 

5kifii4'. -p = <9.0£> tar ^■s.sr_*c> ^-5^4 . 

- r < J ^ 5 3 V <r T/ = o. BSOS; U 4 s = zoe 5-.5 hVl<J 

^9“ -H 

Us rfUc- -KcrWi^e sfatg^ eCUci&^t^ 

U^“ Vyfc^O^- U-t-sV 2-MS- k kf^f kg 

P ? -o,c& h <tr t Saf-Ji^u^V ~> - iSL 5 3 k-T/kg 

fc Z LtsmgrfU^, t<j wj'i'K Uts “ 151.83 fe^r/ty *^Vbm ProUcv*) S.fcC 

U 4 " ks)/n- - isi.v yj(i<*j 
5-Me :7 1 pj-sbor^o.t.lKvuut 5t l- 4 7 fc-Tlty 

5 +aAeg>: Ust^ +ke- ^v'v-p ef$-icieA\c*j iji-VU h g3 = 514.03 ky/tg ^TomftrtJskvw 8.to 
^6= f^83'*k»Vv Vp '= ^77.17 k-T/Ig 

hfQzio 6 ^ “ 6^7,71 kH 

Sifikiel pjp “ 2 f>b<w, sat. [ r^vvCd U to ” ,£ 1 oS. 7? Icj/t^ 

State.U'. Ttro'HU’wj jjvoce-ss ^ k u ~ K,„ kjltg 
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Problem 8-61 continued 

(&J Q,v» 37-H3,6 — 8 ( 7'7.76> — 73^5.7 kJ /j^_^ 



00 



Uq - U s SHI.ife - 577.17 

K 0 & zVJTl - 4o8.7<f " 0JS88 

3 iq-y- h(» + 6b(,~ to _ Sfet.^7 - tOjSag)('SJ.<J|-4o8.7v) 

U 3 - h(, " 2C.35.8 - <?<.«*/ 


-0. /its 


= 3 2.4 3.S -(0.l$fiSXZ<128.t)-(O.VU*sV26>35j8)-(o.'Ia47X3t^?.b) 
-430.3 k-J/l^g 

■ +■ CU 8-U -,) 

“ (iS|.«ll-JSl.S8)(0.7247HCS77.n- 541.47)- IS.*? 8 Lsrtk* 

q*- 3kJ % 

VV« - 0.382.638.^/0-*_^ 

0 Q,wl^i 

Cc) GWIm, ^O^-'j'XU^-Ws) <pn24iX2-H5:fe- isi.s33 

= 1481.3 kT/t<^^_©oa^m ( 

I. Tl>es<> fcd.w becompared umUtKvb* ©£ Problem 6.to +oSos-stme ©P +K«: 

Creels e? -KvHoiiie shiHe. divvi pw-rup unrev'^YsibiI il-iej: cm c^clp per fc^mo/ice , 
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PfiC/6!^ 8.6.2. 

Refer -fo Problem8.(>0- 


IT Code 
pi - 120 II bar 
T1 = 480 II *C 
p2 = 20 // bar 
p3 = 3 II bar 
P 4 = 0.06 //bar 
p5= p4 
p6 = p3 
p7 = p3 
p8 = pi 
p9 = pi 

plO = p2 
pll = p3 
T9 = 210 // *C 
mdotl = 1 

hi = h_PT("Water/Steam", pi. T1) 
si = s_PT(Water/Steam", pi. T1) 
s2 = si 

h2 = h_Ps(Water/Steam", p2, s2) 
s3 = s2 

h3 = h_Ps{ Wate r/Stea m“, p3, s3) 


Qdotin = mdotl * (hi - h9) 

y = (h9 - h8) / (h2 - hlO) 

y* = (h7 - h6 + y * (h6 - hi 1)) / (h3 - h6) 

Wdott = mdotl * (hi - y * h2 - y 1 * h3 - (1 - y - y') * h4) 
Wdotpl = mdotl ■ ((1 - y - y') * (h6 - h5)) 

Wdotp2 = mdotl * (h8 - h7) 

Wdotcycle = Wdott - Wdotpl - Wdotp2 

eta = Wdotcycle / Qdotin 

Qdotout = mdotl * ((i - y - y’) * (h4 * h5)) 


IT Results to = 20 bar) 

0,,,/m. = 2395 kJ/kg 

Q out / m, = 1296 KJ/kg 

W cycle / m, = 1099 kJ/Kg 

q = 0 4587 
/), = 3293 kJ/kg 
h 2 = 2836 kJ/kg 
h 3 = 2490 kJ/kg 


h 4 = 1975 kJ/kg 
h s = 151 kJ/kg 
= 151 kJ/kg 
ft 7 = 561.2 kJ/kg 
/]„ = 573.7 kJ/kg 
h 9 = 897.9 kJ/kg 
ft,o = 908.9 kJ/kg 
h„ = 908.9 kJ/kg 
y = 0.1682 
y’ = 0.1208 


s4 = s3 

h4 = h_Ps{ Water/Steam", p4, s4) 
h5 = hsat„Px(Water/$team", p5. 0) 
v5 = vsat_Px('Water/Steam", p5, 0) 
h6 = h5 + v5 * (p5 - p4) * 100 
h7 = hsat_Px(Water/Steam" : p7 : 0) 
v7 = vsat Px(Water/Steam", p7, 0) 
h8 = h7 +”v7 * (p8 - p7) * 100 
psat = Psat_T( Water/Steam". T9) 
h9 = hsat_Px{Water/Steam", psat. 0) 
hlO = hsat_Px(Water/Steam”, plO, 0) 
hi 1 = hlO 


nors : 
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0.49 - 


0.48 - 


£ 0.47 - 


G 0.46 


% 0.45 


E 0.44 


a 0,43 


0.42 - 
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04 - 
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0 10 20 30 40 50 60 70 80 90 100110120 



higher extraction pt ensure - bar 


higher extractor! pressure - bar 
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Pitoe>L£M 8,b3 


I'S fLe uiorki^ "Ftuic( iia c*. r<£tv\eRf\v« v^or pouu*r cwde 
witU pw^ closed au/l o we ^e^cua/ter Uec^r, 'boda Ekou)w 

or various loeAtxoirvs^ <xwd +lue. w?+ pcMJer^ oufj>a4 is given, 

■h/.rV>’m«. sVo^t is flvwtv\ . 

Ei- ^ S.* Pe.4er>v»i«eca> -Hie +kerI «-£Fic.i* kiey, a*4 £ 1>) +l>e w\aS5 -flou> raie i Vifc 
+k£ -A 'f sf fturb i*e Sf«.je< 

a^HA-n^ ^ CrWgfJ 3>A-~A : 


T 


ia*P«L- j 

ivW V^v / 

t—520*C 

i il 

- K Vo bar ^ 


hi o,tf t*fk- 
/ l.S 


./ 7 * kRl.;= » 

*7 O.ot 

/ X 



V/<.», t ie 1 3 iO kvJ 
p,* ti Mftu 
TsSlO ®C 



pOmp X 

0-y> 


3 

ENfrlMEE^Klft C^) 

HQP£L , 0) EacU tov^oftewV Is as ecm+raj voUj^tvue ocb ^coJLu dttte, 

(Z> EacU pro c^^s 6 f fLa. uiffvLvv^ -Hu^l 4 Cs revers iU^ e xcepf fu +{*j£ 

7 £ed 4 >** 4 ew We^tt,rs dvi^t flm- vww 1^3 of 'S-hreav^s 4 <x*jl It +o -forw% L z^i y^e 

KwrbintS ^ puvwps t 4eeduller Uea+ers ep e.^cJbe. duUaU^f t'c^lUj .^ 4 ) KiW+ijcawdl 
poVt^Vval Cv\evgy cHe.cHare. fitgllyU; .( 5 ) CW «*■*«** e*‘<.Vs +U closed WW 
a^-d. covwl.t-w.s-cr, <m*JL £-ecAu>c<. 4 er e,*' L -fcs -fie Ofew. luaAer <x$ sadu^te^ li«jiwd 
+U 4 . <V£ pecKvo. pfessmvxs. o 

ANAVj$[$ * Fvrs^j £\x ea-cU of 4 W priwtipa .1 s-Wfes . 

S±fli&xv p^t'io tav / T t " S20"c_ ^ h l = 3 <toi.B kTlUg ^ s, ^ b.ssss kT/U^K 

Sicde^- p^^tOb^ , 3,.= $, =$> = ^siu^a kT|k 3 

S^e-J; f 3 = J .5 tiw > 5 3 <=s ( d>- X, => O.fceMi, b s = zn 3 b. 

SiaifiJi.- P v » 0 .ob four , 5 ^-^, K h 'O.TUIj = ZOi 8.3 kTlkxj 

SI SiLX' Ps 3 ' J - ot ' 5 ol 4. flam'd =£> Uy = ISI.SJ kT/l<^ 

S b •. U(„ ^ k s + ir 5 cpt.-^ 5 ^ 

151.S3 ^ + Ci.oo^mo' 3 ) ( 

**3 

=• 151.53 4* 0.1M = I5M>7 LT/kg 

Sf&4e ! _•■ ^=1.^ boor ^ Sa*. I i"^w-Ld =t> ki^-467.K U/Lj 




l V>£u^ 


J LT 


lt> 3 K)-I 


^ g ^ U-J + ^-I c pg - ^ - MfoT.ll +(^*0 5' ZB KtO*){ liO«( * 5 ^ | ' 

^>fcd~e 4 : kar ^ ^ ;70 o C =i> J’Kfer|jo/afiM5 inTafeUA-Sj ^ 715*^4 

Si pfc l P -'- Ro = lobajf s«.f. 1/^H.id ={> k lt) sTtZ-Si IcT/Lg 
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Problem 8-63 continued 

•X- li.o-r V,* ( Rt-Pjff) s 762.^1 + ^./i7JX./0 3 Xrto-io) j-^-j -77S.lt ^Uj 

£*) \^au e *e <r*yy rv.hz b*.lA.»MrS 1* -^c Ce*\ hret i/Wi^ e £^C(o t '*y 

-+Vrt€ c(oS<rd ln>K+er ; + h tL fV^trh 0*7 y ^ <?K Wtlrd e*.-t toCAh'ov i Z /\y 



>2 - 

M - ^5 

-Tzs-'et - **n 54 

- t OQ lo 


1 V. 


2744.2 *TbMl + 72$\«fc- ^ 

745? ° 



€ pl 4-4v a 1 ^ J2. Lm_ 

d«4-cr^ H ed 

+ HA VH, ft i 

0 -f 

^ • ,3 (j .* 


0 = 

C'-'aOS + f k 

1 - 


cr 







C‘-4'') f- 

(p. e«oi)(72.s sc) - r(o . -ci£Y77r n) •* 73 /. 27 /tjy 


and 

** *S ■fo» r 74_* c <vt tv 0 f Vc>jf 1 ^^ e Co f *A f ^ />e j 

f-«r" 

3 ,ve 

-JlTAC hOh y 

'* ex. «c oJt 3 j 



o = 

U 3 +■ 0 — 

'') ^ l_ ^9 ^7 


Cr* 1 

<A 

^ Cs) 

(O.e s fo4)(4t7./i- uri.t 7 J _ 

. O.I2.1-C} 


s 


C^.43fc^- 'S7-b-7) 

Pbr* C*r- 

Ad ^. 


5 PJ 


Wt _ 

* 

K-'-O +o-‘ 1 O c ‘’ 

v C l '3' , "3 0>j- ^’+) 



| 

(3+oi,e-z764.i') • 

t (o.^c4)C2744 2- Z43C4 ) - 

( 0 .767J)f Z4?t,4- lots. 3y 1 ■ 


W£ = ij'flL-li.#) f l l '3">C^-A- 7 j X^C-^O 

"" ' , Co . l£y}fe y77J.*-l-7C,J.ft) ^.0^)^ ! »-4*7./.;+fc.'Tfc7iy/ri.67-^/.?O 

■=. 12, SB 

Br S f vl ^' 

ffl,„ a U t _i.a ® <3 4oi.aM 73 '- 27)= ^-7o.? *a/& 

-i 

"P~*h^ 4" "t^N l^—■— t ■* -€- ►a c-y 

~ w p/m 1 1X50,3- /ZS» 


(j£ /wj 


ZtsZO^T 


^ o.4G3 (46.35$) 


n. 


(k) Tit flouJ i^cUe mfo VUt is 

Wc^ci-e 


Wv ~ 


/ VV^ . " Wp/frV^ 

13 20 MW) 


02So*3 - n.,S6')UT/fc^ 

s 1.31 xio s _ 


IoVt/s 
I M,l^ 


3^00 S 

t u 
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PfcoeceM 


■ TW« r^cirt«T-«.+v*'e vwfor- fowtc wjd«. e-f- Prolog** Q. t)3 <‘ s v*t,drfi<U +o 

ihtMe -Rutt eae.li. +u.irl»iive s+o.ge. W&& ays ef4tc.itv\ty 6l e /ii. 

Eiwfi.: A*\sw«v +U« ^aesHoaAjDu.t +Ut modified Ojde os .'* ProLfcr^.y?, 



k,->*iOl.B ^3/it.g )5jJ 6.JSS5 teT/fc^.^ 

k 5 = 13 1.53 kT/^ U, = 125.Sfe k3lv=3 

isi.tl tT/Ug ^,0 = 1(51.81 IcTlkg 

k<! = ‘-Ife'T.U kTfU^ k u - r 77 5,H kTlIc^ 

k s = RtT?^ tyll^ 

^■ 1- Usi'v^ +ke, W*Hoiwe eHiViettcu Vu *■ (k.-k*)/£U,-k 3 .) ■ W|fU. 
rt-1,% - 2ntS. % fP 

Vl,- ^.(.U,- « 281 * 1.0 WTtlcg 

Py-o^W Table. A- H , — t.lVM ItTllcg.jC. 

S,Wil«rUj, f^l.Sbw 4 S,» »S * => *„ » .11M , k 31 - asso.O ^31 . 

1 ‘ k s = V lx - n tl CU r - U,»1 » 25*12,8 kTlIeg 3 

avU data, TakkA-3 * X 3 - , i f.5’S'7 J s 3 =■ fc.lblO WTikg- < , 

g-taU 1 * Agaik, r 4 = O.ofe ha* J s, s '-s 3 =fc> * M( a ,8zHbSj k^ = 21H3.8 Wlkj. 
k^ — \ n 3 _T V\^. 3 £Uj-ki*j) =222 t f,fc Icjjllcg 

(,A1 Tke. -PLolo -frcLtHow. y* ii 

u \ - kg -kg _ li S. Sfe - *m .51 
^ _ V%%- W 287*1.0 - 7 (, 7.61 = °‘ tt(,< / 

Tkits^ Spac.Hie C-vi+UaI^lj Vi lx . ii 

W - £['y‘) k, + y’ k u i £. 683fe)(7*5.80 O.UOK77!f.l0 

^13f.k kT/L^ 

ftirtd +U«. -f-loeo ■frfee.Hwvw ^'* is 

..u _ k-rUQ , £'&63feXHfe-U< - 151.07) 

° Ck>-kiO C 5 5*12.8 - tSj.tT) s 0.HH2. 

in»*+Ue cwi+nal vutu.’Mt evttlowM.^ +U12 kw'kiwe &Vafje4 

*0i, -U*) ^O-yOCUv-U*) + O-'y'-y'')tk 5 - kv^ 

* (^H0U» - a011.0) ^C. 6 S 31 ) - 25 * 12.6 ) * £*%‘»«0faS*12.8 -ZUfefc) 

a ( 651.0 k.T/le.5 
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Problem 8-64 continued 

Andt j -for puy^s 

- (.IUpMUT^S.ZI -7t>2-80 + (.883t)(Ht^.5A -Hfe7.u) +• ( (iSf. G-7- ISI.S3') 

- U.Sfc WT/lcg 

For -Hue sfeawA geiAer<u(t>r 

^ - Vi,- - 34012) -73l.fc =• 2t10.2. kr/l^ 

Tkus +Uii -HvC-vtwaI eCt-iciewc^ U 

K-= ^ - ■ 1 ° S !~'\ S8 - 0.317. (3,.2*4)^ 

GKv/uX, '*«- 

(lo) Ita **1*45 -fteuj rcU< 4 Ue {*V«V WW*e sAt^<? is 

^ ^cle 


VVi 


' ' (WtU, - WpU.1 
(320 mm) 

^ 105^.0 -12.S8 - ] uT/hj 
- 1.1 X/O fe U 5 /U ^_ 


ID 1 It3|j j 

Stoo S 

1 MW j 

IU l 


V\ 


^ 1 
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ffcoai-eM. &.b$ 


i TV\e ideal EamIlim. cajole of Pn&^uv, 6.^ ii VviodUfifi^ +0 mctW-e. 

0 A<. c.los<M. ai*A we u^<tA -fee^waW Weaiec; TW c^d-ewiA-k. 

ttvmh fUe. claSaA healey is tn^ped iui-o -Hul ap-«iA [ae.cdbee. 

£lN£; ArtSuJe^ +k Same 9ae S koves ikf -+to. UuMlV*d a,c.le *s iV 
Pcottowv. 6.^ ay-A +Us. r^iuIk. “ 

SCHg^>a-i.c ^ &-W&J >Ata; 



£ArS-lAjCgftM)S- 



A»Mi.Ysts 

UVS" 


w P5l. ; Sa.wt« as Exayup/e fi.fc , except vv? rebaatorT 

£i Fm=yn -fW sotufurM. to Praks-eiM $.<i > t, ( - <5<n,7 sfu/IW, S t * 
fiJuVlfc'**, ktf = ^11.7- _,a.uj. itj= 69-iy /3Wit, 

^g- s- •■ p t =z5o i4(if,s i =s l =S> = usq.S awib 

Sfefr 3-. p 3 =ho tMi'^,s jt =5, =t> X 3 = 0r%^ , h 3 sUn.^S^/li 
S}g& fc ; * las + 'Uj tpfr -/>? ) 

- (pl/IH +C'OtM&? 


W iV* 

L_ 1 0K ' 

If** 1 

p78 Jf+-lbf 


ttrf 


= ■/- tf.fX - &? + gk &W14? 

5-faie 7 ! p 7 - fbf ((*?., /f|u-u£ U 7 = £ 3 fe>Jk < 3 A<J/L 

a ., ‘ - H g -s (i 7 +-'W; £p # -p, ) ='23t.|(, t f.o(1f5) ( (too’So) 

a Z3fe.it. t HAS *2.41,1* ©to/li 

iWel: p, > |(*otn /W/ii,? r, = 31* C F -t> (TAi*rpoU+i'iy Ik T*1*!c. +-J) 

hq « 3a«,3<3 8Wit> 

Sbd*u&'- fjp s ZSo lirfltK* j£a.f. d> W, e - 378 .Z 0+u/lb 

3i&fe* < • TkwHi!«| process K,d 1 io =■ 37fe.z 6Ks/lt 

(A) Becp'w, 'll!) d,cAe/vn.\i/\ tWj +'Ws. 4Uua -vnte. roKos u l vl*', Ettavg* a.vj 

ww.is Cafe ba-loMcei Iba am-WM vaUxme- euxtlosiW Hi clostd Jf^dLujo 
U€CtW" CedoUi-e. to J 


.UXL^to 




° a ^ £ ^- w a ) 4- fu-^) 
a -am.u 


M ‘ "T 


■* Uf 


n*<\& -iiu.T- 


-o,n>^ 
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Problem 8-65 continued 


For tfpen heafer 

o- ¥■“ ^3 + -y"> ty'K-h-! 

t i N =• ^ 3lfc.2) +(Z-jfc.«,- kS.O*} 

* -- 

— 0 \ il W u? 

for* “ftifi. 4uvl»ilte 

yu 

-(X-W) 4-(t-yo tu v _u,\*-o-y-y 

- tW-l - ivmyw(,*b\'S l ){yiWA “ *1*57.7^ (/W<*4)(|lTl. I - 4 tl.X) 

* SS7.10 6 hi/(b 

(X*u& -fey* -fM- piAPUpS 

- (h« + (U^-Us) 

- (zm.u (.is kq)( k4.se -<*4.74) -£04 ^ 

VJa.-W\ Vv^ ( » l.H^lo ^ It/U -frotyx Probt«»w 8,s^ •H-a <*jdt ^©i^ocat deA«Aopc<ii* 
vJujtVt 3 ^W-t/ m, - ^ 

= ^1.4 ^ tof> SS7i <0 — S.OV ] bHi - 7 7 ?^ v*Q^ fikt/b q ^cU 

. Ufl 

(Jol 'Tka-4W**»At e W-tcicw.c^ la 

Y\ - _ 7.77 4 Xio^ __ 

QO* ^(KrU^) t M yco^)( 1541.7-3W.1?) 


= 0 M<*% (quS %) ^ ^ 
(c) TUe **.**.< -Bou> V«ic cooliUo, \jooufev ©a*tjv^ 4 Vvouj?U -|W cuwAua*< 
IS Iw4 -ho*^ J ^ ^ 

- v -r^—;—* 

= C t-4- XiO^ lWvQ(.7«W ft C Rll .7 - t>4.7v> fclWlb 

Cm0 .0 ^- z45.oe)Slwu> 

- ^Oy.to 7 lb/U ^___v^tw 


TU iT JLt P ° WeV ' d V tl °^ A lu ^ N ** Wli * «H*k « U*S 4W^ i K 

I, *\ ■ ™ So 'r L ***« ^>4 ttebrac^A -C2-1 Tk.rde e>-f He«t-W. S fer lo 

pU£M ^ ~*V°^ k ^ s4ea.u*. ***<*«**- .s lees W -*U 

vvs^U« -fecdlioaicr k.ea4«rc. Tw. -tf/us cc»A«. +kfi. 
TW^r«*t4 e-tUx i* Jo, it i u r»«r.j x..« .__i * ^ .. J 


ri . VW ^| is iwwftjy djjji. -Ui V-eQt ermAaiv. (^3) lii CcolCuc, 

Sf°u' raA L '• }*&'"* ajdLfl beccuuct of 4W 4<* 

wo'rLv^ Ua^. -IWov^W ^ Cft.se. 


wflukr 

eif 
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pflOQtcM 8,bb 


KjJQiPM : The. veci^vievo^Me \rojw r?ouje^ txjUe of ^ro'oVevw B.bS ; s vv*oAC4i««( +o 

vViiU^i-e +Ujx+ &».cU 4uA>iwe ko^s a.m, c-fkci «ac*j e4 &8% a.u4 

ZClcL. ktt.s au e-f+t cifiAOj *>4 &o°fo. 

Fi.*J&~ . Refeert +W awal-y s'vs *t pr^Wn* d. 6< wisd.r4i«ci ttjc fc , 



/VAJM.V5.VS ' Frorn Pr*bk^» 6.4*5, 1), s 154^,1 fcki/lb, $, = t.U3l£‘BK/ll- e fc /) 
tiS-tl-TV 0Ki/l!> ^ h 7 - ijfc, It OKi/lb,, k^ = 34>%.Jfc (ESki/lb, eunfl Ziio^-hi, 

= 3^.2. fejuMb, 

5-Me 2- : U,si*j Zwbiite e-ffititfKu, j n* v = fLt,-k )/tk,-Uii). tW s , 

wj+U -frorni Problem 8. (uS 

3 k, - H| t C hij i = (3Z4.^ flh*/Jii 
atuS^, lU+eK-polei-iKi^ [«, Table A-ke; s ^ = i.tcSR. S' 0+u/ib- ®ft. 

1 • Firstj p 3 = 40 <i>f/.'*?, S 3s * St, x 5£ - O.^Cfil , ti 3s = (1S7.S 6WIJ.. 

^3 'k- Vl + i C k,.-k,s) = in<2,l Bhi/Lt 

OuaJIj i w^rpolatin TflileA-4Ei 5i = i.(e«n 

m witk lUftk.? t 3 VS «£> k^s - ^^."l ©W(L 

k , 3 kt-ntjth.-k,,) - m.o &kwu 

?VZejg: Usifvj tk«. jintup e£U'ci«iiaj , ^ P( - (kt s -Its )/C kfks^ . T<*«.s,\uVl4. 
kfcs ■f roYvl Prob'^m #.4>$ 

kfc= kj+ ( k^s -ks)/yif, t = 6^.8? 64u./Us 


Sjodc 8 ’. St*»itarU|, uji+k h gj 4W>m Prob)<wA 8. 5*? 

k 6 = k 7 4 n*B*-h T )Al Pl = 24}.IS - Okx/tfe 

"fke irt^fi.sr ^lou) fate 1 ta4\.&s ^'cu*-A^'' our^ } trespec4tii/etA( 

^ Vn fc -Uto ~ - 31 ^,-l. “0,43^1 

U‘* a. ^ Ckfa-'kn) -> Q»t - Vp _ -37t>-ZU (*»4.U4- b^.sa't 

3 tU 3 -W) {ine.i - “ 

' O.UIS’ 
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Problem 8-66 continued 


(A) For +k* •ku^bi^e. sfcuy*s 

1ST, -U.-UO tU-y')CU x _U,) +tl-*'-y*HU,-U) 

- S05,S0 dW/lle 

A V'-d. Acnr +W. pu**f>s 

rtf, s W03 Bfu/lt 

uJiVk. Y*\ a t.H jci0 fc frt>m ProW-n.**^ S.5^ 

^Ujclc * [W t /^ _ W”] =- <b/tt XtO^eWb,*_ V/^cic 


Cb - ) ttakkfiAwJ e-W-tcibuoj tS 

^C«lcU 


VI = 


= O.'m (M^.4%) 


Qw wV.-ko 

(c-j 1|W v v vxs.s ~f Loto ift^-te. ©£ cool Uj ofre*- iWou^k fko. cewieuse*- is 

\ _ . „ L 4 4. 


VL 


YV\ 


Y^i Cl-y-’y") S -U s ) 


U c 


W> t 0u4" 


- k 


Ak 


* ‘t.KoKfO 7 (i/k 
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PSofiLetf 8.(pi 


kmownI- Vv/afer is working ■?IIk r-e^et^era+w/e vapor fou£r cycle uor4f\ one 
ClcsedaW owe ©pan-teed vua-ter lceA.+ec. I>«fc<.ave specif ie</ a+ various 
lotA+w>iAS -forbke circle. TUe mats -Ploto rarle t-v s^eam ev'+eri’nj 4«e 
-ftWt-^Qge'K'.rt)ii\e ijkwown, 

be-W-rwiine Cft^+Ue v\e+ poujer^ CWiYodt ef U«if e^Aditto^ } Cc)^UeikrMitl 
e-f^lciei acu, CoO'f'Ue w%a£s ^-loui rede of CooliVw Walter p^ssm? “K%v®u»l^ 

-ft>ecc>ud€Kser. --■—^ 


Schematic t g)v/£U Mta : 



kg/s 

1 Rilfeo bwr 


vw 

40 i>4f“ 


6*J6meEftHU6- M0t>£L' S«e Exalte 5.fc, 
AMAiYSis ■ Fi rst t -t U rf+U* ^^iwpf ^ferfes. 



^y^vTT’^i s it 

5 ^0 iwtri! 

'it 


JU-fei : 

T 



-6 5 

il 

Pump 1 


tJ* •e'fc 


*o.©8 for 


t : p = 1 g»o bar T. - 5feo e c ^ tn, = 348S<4 ir^/fcj , s t - 5 - 132 . 1T/fcyfc. 

S-fafc 2 : p a "4 0 kmr > 5 i «s, Xuferpala-kVi^ I* *. h 2 = 3050.4 Ic7/% 


S-Mes : P ■- 3 b««r, 5j = Sj. 4> 


s f 3 


O.flDOj iij = 2S30.5 /<T/fcy 

- 0.115 3 j =2077.01^/% 


3 *ft" s f3 

$mfa4 ' - 0.08 kft^, So-fj -> S^-S f/) 

slftfe S •' f^^o.oB koTj Sctf, liquid 4* — I75.96 kTI/cg 

* 17 3.80 + f I -0084X1 o' 3 } "j^ f3~0.o8)W 


10 5 ^/w,* 

1 IcT | 

l \a<\r 



«17 3. 8 S+■ 0.284 = R4.n kT/feg 

Sfgte7 . pLj s 3 fcew-j sAt.ti^uld. 4> K-^ - SLl.+l k^ril*^ 

S : . U g * k-j+l^Cfg-p,') s5fcl47+(l.0732Xlir % XlbO-3)|™|-| 

= 5fcM7 -Hfo.&S - 5lS.3£ 

^4tx^e 3 ; U^ccl^^ T s ( 081,3 

Siakig-- P [C =40fcar, saf.U^vUd =*> k le ^ 1087.3 VdrUj 

S tate J L - TWHUU 3 /process 4> k,,sli lo = 1081.3 UtI| tj 

(A) Atpp'n WMxcs d\wk ev\enjij balaUces 4o 4Ua closedi heater 4© gef- -fUe.-frock <rv> 

exfroue-teA y 

0 =^0^^- Vi lx> ) + (U 8 - 
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Problem 8-67 continued 

$r Irtq-ilS to&7.3 - 57g.-32 

r _±_- 


- 6>.Z5<?2 


z ■■><» 3o5"0*1 - to87.3 

for o pen-feed wler' heifer 

0-- Lj'h 3 + a ll, 

SclViWH V , 

3 , _ Wi)- U to * ^Ch^-lQ Sfcl.47- H4.17+6>.%^zXn4.17-)o87.3) 

^ C^-^O ^S30.s~ Ji4.n) 

= 0.^3^ 

For-flie cmrfvtf/ i/ulume enclos/wy ~fUe /urloiVie sfc^iz~£ 

w* =st\- 

=(120 t3)[34feS,4 -(.ZS c fz)(l0S‘0,l) -p.CbMXzsao.S ) -(o.blWXw™)! 

Z L3fcO^f0 S kW 
Fbr ■ft'C ^u.m.ps 

Wp =w fl tt/ fl .-Wi, +-c^ s -U-,^ 

3(120 ) [(d>. 114,n -113.85) f (57^.32 -Stf .47)] 3 Zo45.4> teW 

The ne-f foujer de^/aioyeJL h 
^Ojcle 

(Ip) for sf«awi jewertkfe^ 

* *9,(1^- Uq) “(* 2 .o}(3f(e>5,4- I 087 .?) * a.8S4y,o s kW d . 
itte^eyvwil efC-ide^cy fs 
Vi = ! *M<- io.-»fc < is(4fc. < is‘/.)». 

^ Q ,v\ 


kW 


Wfe 


Wtt.rU =W^-Vi/ p » 1,340 x'O s kW, 


^yle 


<9 u 


H 


C«t\ For a. cervdvus! volu.w\t e,v\el©s»v\j 4^2 cqv\d44\sev' 

0 - vv\ t (+ vv% cw ( U £W U Cw , ou ^ 

Solving 4W- YVVow 

U q - US') 

^ Ugw,ou,+ - 

u S'Ui „...- lv W)iw , = CT CWjDU+ - T CWil - u 3 u>rH* Coo-* 4 . n<? W>7ai)€4-I4 


wv 


CVO 


^ ''cw^otut' 

QZ-0 ^gfs)f Q.(p1 1^(2037.0- H3.S8)^/^ 


W\ 


Cw C4.ll^ 3 Cl B) UT[t 5 

- l-5l34xtO s 


15.Z2Z 


* 1354 kjls^ 


WUw 
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Ffi.lM.6M S.bb 

kiKiou)n~. Tbc. regetiem^v/e pou&r cycle, of Proble/n 8,t7 is y^odi^t^d 4c include 

4urbn\e sfa^e. awd. puiwp j'&twfropic cff ier<weies of 0.6 s. 

Fji.iT>! AviSuJfrr+Ue sawi« <£u.ec4ioi\s fits tn PFijIalevn <?,fc7 -4bir4fe Witwirf \tJ. ccjcfe . 

ni, s l2.o [t^fs 
P - I bo bel f 


SCrteMATlC S 4»V610 'bfTA ; 


5fc0°c 



V VV aas 


EmSmesftUJG- Mob£L' See Ejravv^W cS.t, 
cucepv K^» o.es . 



^~j V 


fitnij) I 

; b„ ^c,8s 


ANAINMS : First, -fix Buck of -fhe. pnr\cif>al S-fufes 

S+flte ( : ft - /**> Ur ; T f = 56o°C 4* b, = 34b5.4 = fi>. Si 32 kJifj-K, 

gfcik, Z * Usin4 4be -Cirsl-sfe^t 'fut'brVie eff-iciWiu : s (ti,- In *.) /(tii- b z.$1 

W|4v\ - 30SO*? “fVfcrv't Probl-aw, Q.u~\ 


h x = (rt, - C = 3H3.I Ic37t<j„ Fvx>Yv»TaWefl'4 j = fc.fc 148 W J^‘^ 

3i a K .. l : ? = 3 biw\ Sa.-S,^ S^s-S’xj ( 

5 ' J3 *■ * =—- = 0,4241 j u 3v C257M 


S. 8 


s 9s"%3 


tAjvV^ 4U& 5ec.o*ui-sP<iLjfc 4-UA'bme eff-i cit*\CM 

U e Vi^ Cl**- = Z(e5S. 1 fcJl tg j S 3 - b-6l4Z 

* 

Sk.k4 : 1 ?r(?. 08 W^S 4s ^S 3 =b> x 4s = 0.6148; k** *2131.1 laUJeg 
Using 4be 4V\wrt-Jh»^ft •furb iwe. e4f-ic.ieri.ctj 

K* = V^ 3 tVi^-U 4 A *ZZio.l ksikg 
Skks : f s =o.D8 W, Saf, ^ U 5 «m.88 k?/% 

^j4ta.4e b'> Usi 44ie. eWcievicy tyi-Hi k'fc* =■ 11447 k5r| fcg -^Vow. jPcobler^S-bT 

lr»t- ^g-* - CVifci-tisVnp, = H4.Z2 b-Tf)^ 

S~k*k,l '. p_j r 3 bfMTj li^u.ict 4> U -j = Sf>i.4i / bg 

Siale. S'- iAs 4Ue f txifvvp tfC-ltle-iflOj wt4U U g^ s S78.SZ 4 Vt)im ProicJaifn 847 

hg- k-,4- tUes-VnVu^a 5S(.z^ ba/bg 

?iak.l- A^uvnc ^4@T 1{) * it>87.3 " 

^tak:IP ’ y i0 » 40 ^q.+, IiVccii< 4^ Li (0 = ( 087,3 

5-ink. 11 v Tkrofth'uj process U H ^ k tc , =■ 1087,3 L7| 
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Problem 8-68 continued 




3 


U Q - Ing 


1007.3 -S&I.Zl 


0-2*46 


■ O.Q(e41 


3U3.1 - 10 01.3 

Vn-j-U^ + ’j C^t,-U„ 'J _ 5i!.47-n-4.r2- +tO.MieKn4.^'2-)o67.3^ 

^ = CU^-U fc ) ’ (2.^53. |- 114. tZ') 

* (} 7 .0 H)[34bS .■4 - (o .244 8l( 311 3. 1 ( 0 .0<o4z)(2<o 53.0 -(?• G.6MO*> 0 .0] |j~| 

-= J.Z02.;>W0 S kw 

W f - [(N'j-yOf U fc -ln s ^ + cU 8 -U-,)] 

= 02t>)[CO.fo8^oKn4.lZ-n3.68i+{'SSLz £ i-5£,l.4 7)] a 24oi LW 
= W t -W p = |. 178 *!0 ff kW* _ 


M <3,*- K^)=(izoX34t5.1 -10 87.3} -2.S54*iD s kiW, 

(c,} V^= V/c^cW,/Q; w =M(3 (41.3 %)«<_ 


Q 




W) 


VV\ 


0) 


Cw 


^-Ciu ^Ttio 

. ( >2.0 Wgfs}( C>.(<»8fec»}( 2710.1 - 113.88) 

C4.ni)Ci&) ut| kj 

- 22T£> kgts.*- 


W» 


tw 


l. TViese vesal+s caw be compared. uoi+U 4Wst _ 'wf-"'Protkvv\ 8/27 Acsee Some 

f>* +W effects e>£ -tu^-W^ve stogc. ahol ourwp ise.whrtipie. e^iciewclci ovvewde- 
p£f^erwvx.vic.c. ^ 
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PRDZLG M 

kMOLOM: Water\s-the vjor Itin^ -P-lu.uL m a r^gcnewtu/e. vapor power t«j«Je wi4U 
one closed <*mi one ©/in -fee^uWer heater- awd repeat. t>ataare 
k-rtOu>n at various locations in+Uecj^cle. 

PiKit) -. Determine (a)-the. rate of-heat acU ition perty cf ste&wi entering tee 
-first- stage tocrbi'ne j ( b) tee thermal e£CicieHcy > And (c)the rate eP herf 
-transfer to coollna water passing through tee Condenser, per kg of shears 
e^tertbOj ike -first - ste^e tu.tr b/h< 

SCHEMA-TIC tc,wev DATA • 7| ~ 4& ° C 



) Condenser 
6 fcPs 

r O.Cbfaaf 


EM^ifjgegi^G- MOP£l : See Example 6- fc - 
/WAUfSiS : pirst, fix. eaefi pWMCipal States , 

frpKVi -K»e solution to problem S.kO :( Uok. - Some settles «ne yenuntereJ. ) 
h t = 3243, 5 kr/£j ^ ' 574.03 kT/k.3 

h z s 263S.-7 ^Tll=5 ^ |{(S 597.7*, kJ/kg 
h b = 151,53 bJ/lg foe."? 4 } 

K-,= ;S/.S3 k.V 9 o 8.7^ kT/J^ 

K 8 = Str.4-7 

sfztfe 3 : p^s zo bar ^ T}-44o°c 1^^= 333S.s } $ 3 = 7.254c kTlkj-tf 

sjec4e4: p^ z 3 bar, 7.2.54-0 U/ig ^ fyom Table. 4-4; 2.834.si*% 

Sales; Ps --0.o4l,^ 1 Sj.S,^ y *0.8422 l\ s = 2254.4 IcXltf 

5 3s'%5 j 

(dj Fbr+tie Onfroi volame enc-tosu/iij -Hie S-teAm generator 

Om/^| = (K-Ko') + ^3“^) 

- (^2A3.? - S4T.Tt>HO’ 535 - 5 “ 2836.-7) = 2g<M,5 kx/iy ^ 

0>) First, aet +Ue„-fyiiieftoviS exfmcle^ at 3 ant 4 -from e ^# r 5‘i mass laalaaoes 
On 4iiG closed aivrf open heater control Volumes, rerpectweMj■ 

t> c y ( k ~ k>) t ( kg- ll^) 


girl A 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















































Problem 8-69 continued 


Or 




U, 0 - U 

Ia 3 “ i\ n 


897.Tt - ^14-03 

3335.S - Hc8: 


(M334 


Far -Bier 




0 - <j' (a 4 + ) kjf <J k,i~ h 8 

- Ug- L 7 + St>M7 - tSl.634- (0,t334)Osi.33- ?oa.~M) 

^ Vv 4 - k-j " 2839.S- 151.83 

= 0./(4fi 

For 4Uc Cevj-hv/ volume cwc-tosii^g -Hie 'ku^jjke. sF&^es 

Wtlm, = 

- 329 3.5-z8 3fc.7 + (0.8fcfcfcV333S.37-(p 1 U48X 2 -8^.5V (©.7SlflVi234.4) 

- Z34/.5 k3V/y 

Far4-Uc pumps 

Wp/ri^ *e>U+w*/*,‘ (i-'J-'J')^,-k'i*(' t ',- U «) 

a{0.75lfiVlSI.«3-l5i.S5)+^S74.03-St(.47) 
s 1278 kT% 

‘ TS “ ST * 1328.7 

Vv* ( rVi| J 

T^-e*H\€VAv.a/{ e^icictv^j u 

H- - ’^1 , 0 .4s<, (4M*.)*- 




Gm/vw, 2-6 44.5 


t c'i For *fke cott 

a (0.757 8)( 22344- IS 1.5 3) - /5 (p5.4 1^% 


Qottffw, 
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PROBLEM 8.10 


k^NOuOKj : Tke we vapor pov*ler c^c-te of Problem 8 -^4 i 4 wu«UfiW A 

i^clu^t -Hx^ine‘ittijjc (Wd purt^) fseu-tnp'ic<dficietieW of <D-8. 

F[Mb '. Answer ~H»£S a wig ^u.es-R.ovs as Problem S.G>i -far-lke w\odC\£\eAc^c[e., 


. SCMFiMHC & aV£^ MtA : 


7,-460*7: 
\?r tv>ter- w 





I O.Cfa«^ 


Ffjf-riaJEEg i tOG- HCDEl : See Example e.fc^ 'Top 

cxceff 

Amaj.vc.k -. Fiv-$t y -PU eacU of +ke- (principal s+crles. Itcm 4f«- -Solu.fun\ A fVoloJe»w&.fef?: 

U, s 3243 S \cjH^ k fa = tSI.*3 k 7s = /5/.S3 

b 2s * 2636.7 U s aSfcMT, U,, s = S74,03 

W* = 333 5 .S k L6 =- Sd 7 . 1 t 

1^*2.831.5 U tl *k x *^o8;W 

Sdcik-S • Usmg -Hie -fi'rsf-sWjc-fwrki'ne efficiency m,. = (k -U %i/(U ,- Ac) 

-2qZSJ kT/kg J * 

. Stale 4 : For -Hve s*c*n4'Sfage- furl?\n«- 

U 4 -U s - =2138.7 kT/kg; S 4 = 7.4too k3 f 

SVk 5 : p s =o.ot,kar / S 5s =5^^>X £S = 0.&S8S j U 5s = 228g.| ^T(k^ 

Wi+k *t£ 5 c o,8 % bj = - £ U 4 - U= 2.4zfc>.2 LJ/kg 

SWe 7 • W5i^ ifie juvwp efC.ic>«vi«j ; n^s- (k 7S -A)/VU -,-Uc) 

^ 7 - K + (k-Js-M/v, =JS/.<?/ kT/% 

Skyle 1 - for fu-vwp 2. 

^^8^-15 "^/r. pv 

(<*) For 4Ue Com+ 1 * 0 ! Volume enclosing 4tie sWm j-enevator 

6A |m v = CU,- h, 0 ) + £Uj-Ui} 

= (32H3.S-6l7,74W3 335.5-2128-0 =2&03.l letffeg 
(b) Fbv"ikG Closed -PeeJiLwWr deafer 
ko-Wq JVML- S~n.\l 


2 Ug f (U<j s - UeVvip - 577.17 k^/l-^ 


Sik/m. 


b 3 ~b u 3 33 S.S- 106 : 1*1 


= 0.1321 
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Problem 8-70 continued 

For -fUe. ope+i -(eediOaMr ke&dzy 

u J = ^8 “ Ik-i-knj 

^ 4 - k -7 

S6/.41- 151,41 f to.I 320(Vsf.4l -^o8n^) 


- D.llil 


2^38.7- t'Sl.'ll 

Fbr4keco>t'|ino/ i/e>Uuvte encloSn^ -ftefoi+'lnMe. &f ajjes 

^/m,= k"W + ^4 - (l-y-y)U^ 

~ 3243.S - lAzfj.t +(0.gt»^X333 5.^ - f<XUu)fZ<l 3^ -{p^Sfe8)(24zfc.Z') 

- |0<?7.£ KT/i^ 

Fbr-fta ^tcrt^s 

<0 7sfcBXlSI.4[- ISI-SS) + (sT7.rr- Sfcl.47) 


lOfiUb kJll< 




= /S.9<? tJ/kj 
^Cm clg _ W-t, Wp _ 

YVii yvy, 

lUe 4i\&y r mA tc* ew-y i ^ 

1=%^> = --0.38tC38.fc- 

*vv % 7-803.1 

(C4 for-jbe. Condense^' 

® Oowt/^ - C-'j-'j’X 

* (C>.7Sf>BYz4:a>.7-l5l.5 3 N >- H21.S W/kj 

i.Tkrse FesuHs c<u* foe coy^arad \MAUo^e cp 'Prokfer* g.M^to sec Wwe of 

-Ike effects ef -forkl he cfa-^e a*ut pu n*^> i rivers iki (i-f les e>n cxjcle. <peirfbr <v\a nee. 


(Sw-/ tv> 
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pfcOfcl£M 8-1/ ., „ 

geter +o ProWenA&.70 

IT Code 
pi = 120 // bar 
T1 = 480 // °C 
p2 = 20 // bar 
p3 = p2 
T3 = 440 II "C 
p4 = 3 // bar 
p5 = 0.06 II bar 
p6 = p5 
p7 = p4 
p8= p4 
p9 = p1 
plO = pi 
pll = p2 
p12 = p4 
T10= 210//X 
etat = .8 
etap = etat 
mdotl = 1 
etatt = etat * 100 

hi ^ h_PT("Water/Steam'\ pi, T1) 
si = s_PT("Water/Steam", pi. T1) 
s2s = si 

h2s = h^Ps('Water/S team", p2. s2s) 

h2 = hi - etat * {hi - h2s) 

h3 = h PT("Water/Steam", p3. T3) 

S3 = s>T("Water/Steam", p3. T3) 
s4s = s3 

h4s = h_Ps(‘ Water/Steam", p4, s4s) 
h4 = h3 - etat * {h3 - h4s) 
s4 = s_Ph("Wate r/Stea m“, p4, h4) 
s5s = s4 

h5s = h_Ps("Water/Steam". p5. s5s) 

hS = h4 - etat * (h4 - h5s) 

h6 = hsat_Px("Water/Steam", p6, 0) 

v6 = vsat PxfWater/Steam''. p6. 0) 

h7s = h6 + v© * (p6 - p5) * 100 

h7 = h6 + (h7s - h6) / etap 

h8 = hsat_Px('Water/Steam", p8, 0) 

v8 = vsaCPxf Water/Steam". p8.0) 

h9s = h8 + v8 * (p9 - p8) * 100 

h9 = h8 + (h9s - h8) / etap 

psat = Psat_T ("Water/Steam", T10) 

hlO = hsat :JPxf Water/Steam”, psat, 0) 

hll = hsat_Px( Water/Steam", pll, 0) 


jT Results f rin g flu = n [? - n.i = Jin? - 0.8) 

Q in / rh y = 2803 kj/kg 
Q out / m, = 1721 kJ/kg 
= 1082 kJ/kg 

/? = 0,3862 
h % ~ 3293 kj/kg 
h 2 = 2927 kj/kg 
hi = 3335 kJ/kg 
h A = 2938 kj/kg 
^ = 2426 kJ/kg 
he = 151 kJ/kg 
h 7 = 151 kj/kg 
hs = 561.2 kJ/kg 
h 9 = 576 9 kJ/kg 
h 7 o = 897.9 kJ/kg 
hyi = 908.9 kJ/kg 
bn = 908.9 kJ/kg 
y= 0.1323 

y = 0.1112 



/rveveks'tkififies m 
sf\tg as c»M<i (p n *<#3(1 e>wt>r itewl rep i c. 
aPUaeM.ties ) Vex ai-h i‘i* J owtr 
gfctcteMvj (as etpedeA). 


h12 = h11 

Qdotin = mdotl * ((hi - hlO) + (h3 - h2)) 

y = (hlO - h9) / (h3 - hll) 

y' - (h8 - h7 + y * (h7 - h12)} / (h4 - h7) 

Wdott = mdotl ‘ (hi - h2 + (1 - y) * h3 - y’ ‘ h4 - (1 - y - y‘) * h5) 
Wdotpl = mdotl * ((1 - y • y ) * (h7 - h6)} 

Wdotp2 = mdotl * (h9 • h8) 

Wdotcyde = Wdott - Wdotpl - Wdotp2 

eta = Wdotcyde / Qdotin 

Qdotout = mdotl * ((1 - y - y") * (hS - h6)) 
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'PR£>GLG*vi g,7 X 


Jc/otfiOW.: The req«.'Aev'<*.4-we pouoe/' cycle. iw PrcV>k*vi 8.6>S U wio£At-t(««( 
-to \V\U>Actt f-fckCnrf' at £50 ifcflfiAt 

Ft Mb : Dcte^i**. +t><_ ettiaevicy of- WvodU'tYeot ujc.le_ 

5Ctt<=MATl6 ^ CAVBU ptyrA : 

"t 


p, * ii»ootuur«ft 

——^1 17^00 -F-- -.-=- 



bo> 


fU"f~L 

tyi 1 ?§t,p 


.4gU 1! t 


■$&».'*? Wh/IL 
V» tl -3“lb.2. SHAfllo 
Vl lX - 3Tb.2. &Vu/ lU 


EMSmPEPmq. 

HODf-L : Sarbcas e.x«.*-vy>/e #.*> 

/WAtVSt S ‘ . Us mg Of>p>roprlate. cAaJ-a. f*nom Pcobl-em 8.f>£ 

(S4T.7 e>wtu Vig - am,i\ e>wit> 

^■im? ftwiw 

BWU> 

U-i * b't-'&t 
V\g - 23b.tt> 6 Ha./1\o 

3\tajt<. 3 ; p 5 = as© =t> Vi 3 - mns.s 

SWe. H'- -Ho suup.v^io/- ; U 4 ^ ias3.^ &tu/tb 

Stcute 5 1 p s Si IbUiIt? ,S5 »Sj 3< 5 -0.S12fc > U s = *HY.5 BW(l> 

From -fUe solu.Ho^. -io ProloVew\ fi.65^ ^'=0.l36>S. R-egandUvig t^ 1 ' 

„ _ -sib.2^ »(i3b.u,- bi.sb> 

® 0* H -Vi n ) (i*sa.<{ - fc'i.sM 


* O.ios'l 

For+kt.-kjurlorn £ Stages 

Vit | VVv, ~ CV\,-W-u'j f- £U'*“ k;j-^ 

= ( (5H7.T -imfc'l +{.®»3S)fH-TS-.3 - IZSJ.'i') +■ f.TS«H)f 1-2-53.1 -<^.5) 

- <p 3S.S bW/lt 
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Problem 8-72 continued 


A -(or fUa, puvups 

V/plwvj -fW ? -V\ g ') + ) C tt-> 

= (2Mt. I l - 2.‘3(p, It)4- C . 752^ ) 14*1.8^ - = S.Ocj 


6 k/ / Ue> 


tk€ 4 o-U( Vieoi- bo\ 1 * / $tq>e rtaa.4-\Vg &.vwt v»<Jt«a4tY\^ j’ s 

per uvOi: vko.S 5 evdevnv^ -Hwz. -£virs+ turbine. a.% 

Oiul rv\ k - r CI"^ 1 ) ( U 3 - l^x) 

, ( -3tp*3ff) + (,8G5r) (1H75.3 - \X°fr.2 ) 

=• 1330.&W!b 


TVm-s., -VW -iW'rmft.l eKxci^uwj U 

. W-tlirvi, — Wp/m, 

^-fer—°'WW.) 


M. 
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PfcoCLeM 8.73 


KmQiOnJ : TW vapor* po<»ev ci^cA* of Pro<pl<,rv\ 8.72. L-i r>\od.i"fie4 +o iv\cIiaJ« 
■H*fr-t e«.cU -kAvbia* s+a^e. Ws aw effect ewwj of 8B% a.u.J eoxU. 

pw\Mj> Was cua. C-W<cicw«^ of 8o°/ e , 

Pind. Repeat tWe. dwnljs'is ©t Protl-cm 8.fe5 for 1W wvocWfi-e<f cycle. 
6Cl4EUW\<i <ft frWEAJ EW=TM 




EMfilAj^ggyA/C - S 5 

MopgL.: Same 05 Problem 8.72 , Cxcep-t 0.&8 auJ! 

Hp, -'T-pt." o.so. 

AmAlM sis v Fkooi probU/n 8.bS~ i h,« ISm.7 ftfu/tb, 5, = U^iS" &4a/lb-**, h 3 = 
m5.3 <bhA/l\, ,3 3 *(.7711 0H*./1V**ft, h fc « M.tv oka/H,, k g * 23t>.«. 6kx/it, b lft = 
dki/lb, a.m«. U M » K.i = 37b.z 6b*/ib. 

Slate-y Usin^ +U«. fwtw t efftUitucy , H. ti ^ <h.-kv)/(k-l»»s). tW&jUiv+W, 
his from Problem 8.fe5 

w,,»W, - vi*, ih r u tl } s rs'iR.s' «fu/ib 

S4a4eM'. Pys no lbt/m? , s^* « s s =t> h^s - HSJ .*f &luMI» ( fVobV*m «8,&5)- T^tn, 

uwi+U. V\ tt » 0.88 

bn< - l>3 - H-U( h * 12-60. S BU*/lb 

FurfW, mfe^pela+in* fu. Table A-4e ; y y * /.8092. epw/it-** 

r-f***- 5 •- p 6 = 1 I S 5s *S y =£> - o.qoSS, = /oio.i 6k</lb . 7k*/i, 

uJi-Hs \tf a x o.&8 

W s = W H -VsCVih-U sy 1 ) = 1043.x Ski/it 


■S’fp-H ’Ll UsiWj +iuL pu-m-p effuaew«j t Kp ( X ( his -kO/( b-»-ksV 

^•ts from Probtam 8.7Z 


W n - Wv+ “■ fal-8^ GhMlU 

S-to-fe. A 1 . Similarly, (ju i+W W^ s -fVoim "Problem <5.fe5"* 

W<* - W 8 4 (Vt 1s -k 8 \/V\ u = 2M7.3.S' Shx/ll, 

TkemA$s ffoto ra-Ae OAy vespac+vOely 

- ~^Mg.35~ 


»■' 


U v o- U < 


■Vl 


-31Uc 7. 


- OAIXX 


TVjus, unH^. 


<Xv\*t 
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Problem 8-73 continued 




( U-t) 

_ C 37b.z) 4( Z3b.t(c - f/hS^^1 


= CMO^S 


(I^SO.E * 

for 4k* -Ktvbrwe siixej&s. 

c t 0-^> 4- 0-#'-SV<k,-b 5 ) 

* { (547.7-5^5) +(,%!% )(i475.3^iiao.si + (-74^)0x80.5- J 043 .^> 
- ${*%£ 6K L(l\> 

AfaAj -f&r Hu pu-n^s 

W r/m, (^-Kg) 4 Cl-y'-ip KU^U-i 

= (XH3.f3?~ zjb.iu) 4- f.7(*VlVW.H- bi.7q ) s (p^o 0fu/(b 
"die 4<?W ^€*f c&dtd per w*i.+ wia« ending Hu Arsf HjuHhW 

^Vm, = Ch t - Ko) + ( l-^'KU^- UO 

* OsHi.l—Ko&^g) + C.9(pie)(mi5.5 ~m%s) 

- 1305,? 8W/U 

TVuij -j-U.G-^wxcti eft^ctev^Cij Lx 

V] C Wj/m, -Wp/ik. _ Sb9,S-b,3 0 AtJ , , 

Q;*l*k iTosTi - 0M ^\L^IA£) ^ —_...Jj 
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PROBLEM 8-74 


K»jowio : VJMcr U +f»e. worlt'ivxj $lu.\d m a. vorfor poioer cycle wHU 

V'cUe^r aw.Jv j-Ur-ee. f-eyeviemlwe -$-ee.d\K>Mer lieA-icrt. Da-fc are 
gw^iA w-i various Ioca+loas a.«.et tka naf power output 'it known. 

pt fvM> : SkcfcU +La la^oiA-t of -fke cycle CLn<t ^eWmiwt 4Ue fLevhuil 

efficiency aw.A wvass fU>u> rate n*4t> Hji fwvt- -fun-bine fcfaye., 

sa-teMArTic £ fa-vuero da-ta 



\Wc lC ( f= SD'DMV^ 


b00°c 


5tO°C 





EMGIMEERIAIG MDt>E.L'. Same AS ivi 
Evra-MpU 3.L , i+t-fts 1-S,^ (GO-tUe. 
f€ed wafer l-e^ViK^ encl* cAoveJ, Ueafer i-S 
otf -H«l SaWtck'o-*. +evw^«vn.We cocrespowi.>w? 

f® 4kc etWcK<r«\ fr^ssuire. Also, k^ l =Vi^ <4 ® 0 , 0 s. 5 

AV^AlVSIS Firsfj fix each of -ff-n principal sfe-fes. 

SMfeJ. 1 . p,= Sio bar , T^boo'c =t> K, - 3 42.4.10 VtT/Uj J £^(,.,658 kTikg-kL 

SWc--2.‘. p t = &0 bw- > s t< -S,=t- W^bo^i.3 kT/U, 

Usijg 9 fK* 4itybiHc- efficiency 

k ( -fl>,-lA ts ^ kt v - 3082-L UT/Lj And -£.2 78/ 
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Problem 8-74 continued 


S-We = So fcjnv' f Tj. - 5fc0 6 C =t> K 3 » 35 3 kT/k^S^- tflOH kTlS^-K. 

Sfofa. 4 ’■ fv - 'O W v V? 


S 5 3033."? W/l^ * S* -7.577/ fcr/% 

3 , f^ : g -L- ^l.S WjSjjis.j ^ *53. = t - 2*37.3 t~u^ 

^5 8 _k S^^a~ 3W5.6 {e7 ^>$ S -7.22^« 

4isde^: - p.ofc I>ok, ^ - ae5& £ l , l< &5 - ^ 224,-5 kTii^ 

“ (■ ^ S “ “JZ^b* 1 ^ kX/Z^j 

5"toe 3 ' P^-o.oCjIp or j iaf. tt^ai'd b 7 = fS7.53 kT / kg 


5kk & 5 


Sisk±- 

S-fftte lo'. 


kg ^ K n + v 7 Cp & ~p n % 

- IS(,S3 ^ (J.s - O.ofe)b*r 

- 151.53 +■ ©.t* kxftj 

P<j =. /. 5 bar f $a.t Zj^ai'd =£>- l^ =. Wfcl, ft kTf kj 
h lls ^ kcj +- Z^C P io -Fq ) = 4fc7.n + ( |, 0 S 2 8Xto- 3 }(3i£) 


io^ fj/rA*- 

IkT 

L loar 

H> hi - ^ 



=■ M-fe-Ul + 33.53 s So&.bH t37k5 

Sffrrfc .il.'- f u -= 3 Zo bar , T u - ^ l0 - l 6 o“c H> Ex-fr&pofa+iVy 

U5|X0 da-fa. -from Table A -S gvv&s h it —781.7 kT/lfrj 

S-kte (Z : ^ ii= iobar , saf. U^llU =£> P |S .- 7 k 7 .fi; Lrr/kj 
S-kdre 13 - Tbro+tU'Kg process K j 3 -K,,. -TbZ-©l bTlkg 

- iiL ■ P|(^ — 5^0 b w j T|^ - 7 ^ g bow - *" J C krft pc?) 

UtiVg (M-fi. frorn Tatl&X*S g iv« k,**- 73©3.8 fcT/Ug 
S-fftfe J 5 : ft g =80 b<*r , Sed\ (^m.lc( =£> J-l 4S - fJtfc.fc. kT/k^ 

Shxt£ /(o ‘ Tkrt>itl iVg process =i> (fl I(j = tl (S - ISikM kT/lcg 


App^twg nwv a.v.ct ■energy baA«.w.c«.$ +o Cxj-nArisI MoUunce c^clotvv^ -1W. 

60W c-loitd Vvuuttv*, -Ike frac+«v\ of 4 W f-tfivj j ' e)dY&.cfe*l od locaf-vaw, x t-i 

d ^ (k x — \^ iS ) +. fOCUu- Wivj ^1 

err j . hm-Viu iioa.fe-781,7 

^ V»ts >062.(o — 13 ((*■(# O.Z^Sb 


SirnU<irltj t -for 4ke. \0 beer closed Uecuter 

0=^ Vi^ b VL +^ l0 - V,,,)- ty'+y H, l K, 

enr u (V-u-U to ) + y 1 ( b xv - kxt') 

* CU„- h.o 

_ (761-7 - SQO.OM \ + C 2^6)ClbZ.8l- I3U.<»> 

{ 30IS,"? - 74Z.&0 


= O.ost 9 
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Problem 8-74 continued 

-for- -/if open lne.at^r 

0 - lij + ty'+y") V»,^ + ( k e - k<, 

^ ^5 “ Uft ) 

_ - iSi.fe-Q *-(. 3 ^ 76 ) (lSI.41-nb2.8l') 


C 2 -(? 4 $ .<? - is t.tn) 


o.oucs 


For +ke control volume ettcki^ ffa g-f^ej. 

= (3424.4- 3 062.4 ) + (..lOqq X3S4 5.3 -3025.7') 

(.<.515) (3025.7 - 2615.4 ) + (.41 lO ) (2fcq5.W - ZZ^A ) 

(cTfkg 

A*uij -for pUrwp 5 

= (Co- ^ ) t (^'-^■-'T') (Ug-k.,) 

- ( 500 . 44 - 447.w) + C.<*no ) (rsf.bi- js/.ss') - 33.6>z IcTitg 

-rte +o^( rate ? f k«rf fr»«fcr -fer 4^ boiter/su^fc^rf^ **f ^edfer- 
perwfut- mA« of 5 J<a^ ewfcri^ fU ftrt+■ furlwxj stajc* w 

^ "(^.0 +0-y'H^-lvO 

= (34ZH.4 - 1*303.8} + (.70^4 } (3S4S.3 - 3o82.t) 

* Z4 44.7 k 

*fku.S,+Ufl. ■f'KfcV »v\a. I efflt-i-evioy is 

K= V ^ 1 ^, ~ W P /v "> _ 1/41.«/ - 33-42 

- <5,4fc3(46>.3%) ^_ 


Qnv/vVx, ZKHforJ 

Tli€ Vie+ flouJer developed by +4* c^ck if 

w tc,cU » V*. [ W4/w>, " Wp/vU,'] 
or, wi4U Wu,ck = 500 VAW J 4W ftooo ™ute v\k, U 

^ ---VH* 1 *- 


VV 


L^4/Wv, - Wp/iufJ 


C^OO »A W ) 

JC 3 kTfs 

|3400 5 

L ^ 

(11 fc7.4- 3 3.42) tT/lcg 

l MW 

II-nr- 

:/.58SXtD kq/Jj^ Vvi, 
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PR08u=n 8.-75 

KMOm 1 - Wafer vi loOfUmg 4 -IuaA* in <x VO^j^-r pov^ev u^tle ijuiH^. 

retted" +U**«e rtotTvtmk'vt feedlvutfutev U-aiters. ere 

0iVeirt a.+ Vatriou* loeA’Fi6«sS,0.v-4 -Hwi KC+ fower oufyui+ it knoam 


£ L^Jt> ’. S fe.*.kcK la_^ow.t of- +k* fe^cte o.wA def-ef mww -fUn +Ufer«Al 

e.fft’ci«w«€^ . -m. yvxAs^ fUw> \r<4e ikv4® -Hm. -frrs+ Farbilie sW 

0.^4 '(Aeo^r rotte.. v > 



AmAvVSiS -. FVsfj fix eacU of fU* JiviVicipat SK4«.S . 

V fl =i8o ° iW^ jT.-UOO^F- =fc> tl,= IS-Q2.5 Biu/lb, S'= Afc/5-f eMt D e 

— - : , Fu-al-j f a =t.<oo ' V* , * XJ 'S, =£> ^ /3«5.3 3h*/tb. Wi ft 

tvk ru^bine efficitucy 

h a' ^ , " N, CV».-U„) = t^.Z 0Wlw 

Aw.«t^ fft+-«irj>oU+»'^ i*. T*M« ffi „. /.^j/j dwit,.«>fc 
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Problem 8-75 continued 

54o-fe 3 •• £i™U*--Uf, * (25^.0 BWIl, IWI bg * *■*» C hi- K ss J 

= 12 72-0 ftki/lk- Fyom Tirble j S B » l.bSOt fch*/lb- 
g,-W4e. M '■ 51 kvil IftfUj > h*s ® J 22fe. 7 Ok%/ife ^ <IkJ. hq s ^3~ 

5 1232.( efu/lb. Frafh Tobte A-4; S v - 1.05M BWIb- B A 

54oie S -. = loo Ifefhu,* ,77; =iooo°F U 5 - IS3-2,1 BJu/ft, s s =. ifizoH **£■ 

S4c^e. (g ’- p t = 2o j s ts = 5_j =J> k(,s -ISis.S 0J^/llo. kk+k 4-ka. 

-Kwbvut aWici-ch.^ • Vi t - h s - ^ ~ hn ) =■ I3Q1.5 ■ Ffor^\ 

A-4 j -36, - J^V-55 0+WU. 

Skxfe 7 • Sibr> i la^Uj y. 7S ■=■ } h 7s - / 0 S 7 .5_, a.*A h 7 a Vu, - 11 ^ f K-,,') 

-U 18.0 &kxt lb 

5k<c 6 ■■ p fl a. | itflu^T- ,5X14. =£> ha -’forty 6h*/U> 

H \ h< j •*- h g +■ ''- r g £ Pq " ^0 ) 

* 6*7.tV ^ +■ fooi(.iM it*) 

s fo<?. 80 BKi / (b 

5k-k 1 o V =10 ifofUk^ , Sa4". h, 0 =■ WO.ZL Bki/lb 

S-k-fe 11 : f>" -=. 1800 IfeHik* , s 1( ^5,,, •=■ 0.3358 Bh</ 'b-*« . Doubl-e i'*t-«rpt>l<x{i»t\ 

ii T^l( A-S jwes hu 5 203.2S 8k*./lb. 

Sifik-U-'- P /3 IW/I^ , 77 ^ =■ T So ^ @ rt30 |U(i ^ - 303.1* ‘F =£> ttoLtble 

ftAio*^ iv\ Table A -3 gwes b 3 3^1, JO 0K^./lV> 

$kUe 13 : p, 3 * JSOO Ife+iiVi^Tij - T yotf . a bCo = 486 ' 3 *F ^ uj*bi« 

I tev*. ii* T*-bifc A ' S jives = 472«£2. Bkx/ib 

Sl H ■ f*m boti j Sfajf I ^ 

SMc \s \ TWo*HUk^ f^oce^ ^£> U lS - b lH - HTi. t BkA/lU 

$4tt4e \ (o \ *=> / 1 > 0 (fc-PUU^ j s«.f ¥ tc< =J> *336 .2 ^fu/ib 

34tx4€ tT ^ Tbro-Hlt K^ proc^?3 =?> " 3 36,2, 84u/li 


j 1HM 

1 8K 

1 i4+* 

riS -P+ -ttf j 


% 
IIA , 


AppVi^iv^j rnttSs CLA^J, <iv\€VK)^ nxTe b^Uu\ces +o umArol voU^nue cirtcAosii^ 

He C?eo Closed fn^cKtr^ of He ^Wjouj ex+r^fei! 

loOxfCcnK-'Z u 

0 “ ■+ ( 

o»- , . V>„-V^ . w.n - ^..o 

® V^-Vvi M 1M0M.Z - ^t!,T 


-for 4W ifco hKct+er- 

O = h 3 + ^ h lS - iy'+y-j h lfc + CU h - h (X > 

° r y H -- t yj»( 

CV^-j “ h l(l , ^ 


a (331, to - 203-2 8 'I + (.me> (3S6.Z- Mtl.7) 


(\m-o - 33b.Z) 


= 0.1 Zq$ 
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*3 ^ 


Problem 8-75 continued 


=•0.043 + 


AlSOj f<s>r ©peiA. +e«(.uja+€v~ heo+^vr 

o * k n * y") ^ - kt> 

® r ~ \« __ C^ia-Vv^") t- Cy +vj w ) (U-j- 

Cv> L - U<)) 

_ ( 4 (.T-felSH fe^-So - 33fa.z) 

U3m. 5 "- tt.fto) 

Fbir fU* ccmWot volume ewclo^HVj +i^c sftJujts 

^ *CU t -M*-o-3')tU l -V 1 H(i-y , -'j ,, jgw,-Vm^(v l 5 -K t )3 tO-a'-y-yO^fc^O 

- C'542.5 -1404.2.) tC.8?T2.KlHOM.i-i-n^.o^ + (.73Z7)[ Cm2.o- 1132 o 
■*■ - l3*H.5'j] + £.fe8n3)(l34(.S - (U8,o) =, 574.fe &WlU 

An+j-for -fke jiu-rvL^s 

^ '-(' n H-^ l0 ') + (i-^'‘-vf‘) ( V, <p U a ) 

-(2-03.18 - t^fa.lC*') +■ C.kS'U'X^.So- fc9.74) = 7.0fc 6kWlt 

<- + 0 + 1 *. ( ra+t, of ke&.+ +rp.w.s+ev~ *(of boiiev/sixpev (nec+^v cuJ3 

r kwt Yv'.tts 6+ S+caw\ evv4-er\'v\cj -^Ua +trs+ +jt*!ome s+oj^U 

= (>.-V.„) + C'-sj'-y-m*-^ 

* 0 5 'H2.£- HlZ.llH ( mzti 1532.1 - H32. i) * 12*10-1 &Ju/U> 
TWsj +I*a cf+(’c'ttv\C(j is 

y^- v+t Ivw, - Vlf Ilk, __ 5~N.b -7.ofc 
Q m f ( 


t 24 0 . I 


^ 0.4 + 0 £+4.0%) 


K 


*TVe ¥\e+ youoev' Upe+ by \A*Jt iajcU is 
~ Vv\, - Wf/»x,3 

O'", UjcHl Wu^e-te - 3 Xio^ ©Ua/Iv ^ +ki f U)uo 'rw+e is 


YK. =■ 


VJ 


°3 a « 


1>KiO &Wk 


C^t (vi.j - Wp(vk^] [s7Y.(<» - 7ofc"3 ^Yw,, 


- 5.2fifc%(.o^ U?lw fYii 


T + e. V\eft4 ('o.+ e. — V\£a.t. ekddtd ft> ~fkj^ cycle to 

kwft- i^et- ia*ur-U. (Ji*j-pw4- - La ke yz. b tj 


W r**t. a - (SH^&X 1 **- 1 e WJb j 

3y. io^ ‘ft+V'/A 


3413 8 VA 

i KV 


r ^7-56 


JBtu. 

VAU H. 


Uiioj' r».+2_ 
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PROBLEM 8.1b 


k/JfluJM : Steam and amrvto\i ia. &-hhe {jJorUit*j f lu.le(s in &. bt'txary 
V&pov pouJe^r c>ic(c coinsufnn^ of fvuo idec<[ ^ant/Ae uncles. 
Tke b&a-t re. jeered "from +Ue s-renm c^cfe. )s provided -fo -fae. 

(Xrv\. tv\.t> niA. CCj cle.. Jbxffl, a.re icn<oujr\ af- various l GCQ.-f’LO r\s . 

Deterr/ iihdCa) power output -/Ae sHam and am rvionia, 

Jurbihes, resped-u/ely -fae /txfe. of keaf addition fo-Ke cycle 
a>ud (c) -/Ac iUe.rmdl efficiency J 

2£ii£M til£. £ fell/go pata : 


Z 7 , = fcO to/" 

r. = tyc* 




VJ 


Cycle 


gklfrlMEEftlMfr 



8 .20 MW 


loW<r 

r 3 Ho°t W fc ' 

^° p £t-- UJ Eack cowinoview-t Is a v\o.Ilj ted os a. covi-frol volume af Sfeaekj 
fifctfe.fai All processes of '/'lie Loockik^-fluids are in+erna lln ''■■ev'ersi tie, except 
m +Ue iwfevcovmecfi'wj Weaf tscUak^er.C3) Tkete are wo s+my hc»-t 
-fvoivi +ke fur'cnnes or+ke keaf exekaw^er .(4) kikefic av^d fot-evrKed energy 
Effects c<iv\ be ue^lcc.f«d. 

AfV4-tV5(S '. fus't j f ix eocL of -principal .stoAes. for sfea.^ l u_se 7obks A -2 and a-i+. 

SiaAe. I - . p = \eO bar ^,^640°^ =$> k, * 37 5 2. fc> \cT\ky , ~ 7.27-1 I 

$lJ 2 i£-L '- 7 r = rj = to*c / ^-S, ^ x t s 0 . 9(01 l)*- 23 <? 7 . 6 > k J Ifc-j 

■ 5,-htfe 3 : T 3 = foo"e , rat.//| ui’d =fc> k 3 =25j.)3 fc j-f(ej , IT, = I.On2 Xio" i 

Siaffiff.’. ^ % h 3 +• w x Cp s -P s > j p, = o.iim t^r 
U, 


I 10 s wlm* ! 

1 1 kJ 1 

l ioar ] I 

1 ID* M * *4 


q = 2S I. 13 t(l .on 2. iCio' J »Ti. J )(fcG -O. illy ) bar 

■s a Si. 13 v b,oS3 = 2 S7?2 ( kr/laj 
/JouJ, for 4rn-MOM ia ( use Tables A-13 ft,«d A-14-. 

5 /flfe fl ■ T a = So^c j^f-arafer ^ A a = wii.zt> tJ/lcg ( s a = v, 7 tcv uriltj-K: 

SJ&i&Ji‘- f> b - p c 3 10 be.*- , Si 1 ^ “> =0.1311 j s 1393.0 

STafe c '■ ^ 3 ie>b«r ( sad. li'tfui'd U c = 2.97.7<? kJlk^ ( -u^ s Pfc JSVxfO' 3 wVfej 

® k e f 'IT, (p^- P c 1 ; s /* - 2 0.3 3 ! bar 

k^ = i'fT.Tt + Cl.i>SS‘ix iO -*)(L0.33l- lo) (loo) = 291.9 7 kT//^ 

(d) To defermiMt fke powe-r output »{ sack fu.rbi*ie. ; wt muff fii*4-flte "i«ss 
ffou> rates tvi s a ad. vk^ -for fiut awel am MCh 1 *. tyc(es, respeefi VeLj. 

uJirk mass awd energy rafe balances -far fk« Infer-coMaecfikg 
hea.+ SJecUftnger- J 
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Problem 8-76 continued 
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Problem 8-77 continued 
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Problem 8-79 continued 
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iWs -iok.feH ^O-LXVXco^X&O-TS} |^| ^ 3lH.| IcT/kg 

V0\VV AW eVUt^uj • Y\ g = \o 1 4- (V\es-^A/n«* - 3t5.88 W3/Ug 


(A l -tW Wfv*g loaJL ^ 


Q UaJL " ^(HxcO s ^X^SSfc.T- Sctf.s) ^ 


»■ 1.5ZiK(O fi kT/U 


o«ut 


(hi for -Vkfl. tovArol \zoiu.v*«. ev\olosvv^ V;Ua fcwWue 
Wv - vv\, V\ k -VVt^V-z. “ ^3 . V\ 3 

- (j M0 t ')(l,3H8. l V N ) -(4X10 5 H'2-S8b. , 7) 

” 8.514MO 6 W/W = 23b,5oO _ 


Wfc 


C c ^ Vbr VrW LooxW\acj fAuiA ^c^ivg VA^rou.gt\+Ufc sWw\ gevwraAer 
Q\U " (Ut-^e') 

= (l ^to le )(3348.H -3(5.88^ = 3.03Zxio^\a/U^_ 


Gy 


wv 
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PROBLEM 5,01 


A iornkii*zd J'-teoA a'aJ. power proyides AuvtuLtc poLOg-^ .prscess 

5 1 fta^ i d,vu>i sfeaw k&xtiHq Jo iJL, 7>aAeL cd loe-4 eixts. 

Fi klb ', Dete/'rwiwe. fcO -W. rates s+eAfv^ Vs exfifttcfed ; Ctl'Hoe irates tip L^rf A v »h&4£v-'JW 

eo,ci% I £>/_^ ai^e<, C c i ~til^ V>e^ pOuiCf. 1 >£Vl££ 6/^o( CV-^|(i£Lfe £LM tS Vfi-V’KL£Vl£rfW“ 
bacie^ e4¥ftttM.ey -for+R*. c 0Y\Ao{b.eJ. We&±a^J>- poaw'CWC-levvi . 01 

ATT-I^ rb ‘yJa “I- A *■ d, , n “ 


g^uejuAT^i & £iv&ci £ feed > 



ElXlMEgfluO jAgEfeUC OEA*Metf-U 

Is 1 m octxW <lz &. cmfraSl " 
VtdImwvc af 5 ^U^-S^cs^ ^ Z-) Tta|uA4m£ 1 
S^O^S } p^W^S f kiOdhpt" 


P 3 L 17 ^ = 0.&5 i 0 

SAf, 


P^PH = PlH-Pif 

*-20 iW/iV. 4 - 


CPffrak acuaW’HcallM . iw-<f yt/& 1 v=q.&S. .. ■, 

($J KiweVui rtMwl ijcU^W' RVvcv^ effkcfs , ^ tu * 

cj,rt rtigW'gUsk, saW&M iidUJLe*tts 

+L>.a c«riJkMser> ^ 

A^frofsis •• PiVst ; AEx esuoLi &f+ke ^rinaip^l s-kAe,s\ 

|kkd- p ( = -1S& IW^li^T* b«>*F ^ k,= 1302-S J S ( = I. , S132 

SiflJrfa; ^ (Do = 1 - ^C^-S^Vs^ o.nis *U„-Iifc4.t BkUli 

WiR+I^Wkiwe-sAag*. ef(-:do«ty W 4 = k,-vi t( Cl %r U ts .'j * Ii84.<1 fifnAk 
,. U5 ^3 W » ^4, 3 L^irW-Vlapj^- O.mi ^ s^xj, 5437 ekt/ile- p k 


~ “ J Tit- 1 -"-i,' i.jn i e+w 1 

■ p 1 -^olfcf/in. J s 3s = S z ^ ^ 51 - o^O^-i 3 L, ?s a |flt S> 3 Bfu/lt 

TWs w ? = n-,.- S 10 83,7. BK/lt . Also^ 0.^138, 

fa -f , s^ s *s 5 4 > x, s = 0 . 80^0 , fiLuylk 

TWt k >4 - ky - kri( k - Kas) -$34.2. &W/ii 
gAtnAe. S : p, = l tlffim* j setf, ti^id k 1 ^ = £,0.'l'4 8-K/fk 

b ' Pt ? 20 itf/i ’^; ks^^+^cpfr-ps^ 




+ ( 0.01 brtjftofr-o'Jg, 

sM.fio 6 WU) 


mis 




!SLu. 


Ins-tA-iy 


'aU’Ha-JU^m.w^ cft-iclw.^ , W t = ks-vCU^-UsVhp.^ 4,9.81 fckt^L 
Stdki: f^ioc \U\^ ^ l,^ -MS.t? 8hxi\\>, SWte B : kg h^i(L 

^ i ®P l(> x zo IVfii’^ j saP.U ^ k = U lb x /it 


5idkJi: U u5 * 


'< 0 +^ 


W 


^PirP.p^ = Hb.ztf +£b.Oi{ J 53lfAso-Zo)j-~^|a W7.feo &JWIL 


n 


k 1o +cu 

his " BA- &\wl li 
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Problem 8-81 continued 

(?J f&r-He sfearvi eximcie.d aj- $}ais. 2 : Y ^ i c y v ^i " (&4) O© 4 l t>/k 1 

e A X/ 0 * )k/k ^ 

To -f Kv*d vv\^ : vvi, 

R>r+le cyen f-ee^wkie*'' ke&fer; 0-*j kg + tj 1 ^ +0-^-^'^^- k to 
Solv^^ 1 i 

C ^ e )+■ Vi le -K fc _@.4) (£><1,31-0*8.fc^M<lb,zt-(Sfl.e| _ s 

j J ■“' »* Oi <b7 

C Uq “ u^) ( l^b.Xfc - b^,8i) 

|UjU4 


vv\ 3 - fo.aibsYOo 4 iWu) -2nb3xja 3 iWh 


v>\- 


/t \ * 

U J Q 


PrtfceSs 


* =(-f kio 3 "*/ l^X 1134.1- 248. ~ 3.545 xIDSh(/k 


ftpimry 


^Hw+iV.. 3 =C2.it3X(0 )(tOe3.2- l4tp.^^^^5’I^O C '&Wk 

J 

(t) fbr-Hie erni-Jml voUune e^tUst*^ -He. 4\vA >e si^^s 

V/ + -m t [ K t - y k-y'k 3 -O-iZ-y')^*] 

a ( | 0 4 ^)^'362 , S -(b.AOl 84.4 s ) - (0.27faAO®& ? .2) - (0,3237)(434.2)] ^ 

= 2 . 2.(98 £>Wf 

fw~4k« 

Wp - W P( HrW^a. VVi v [ci-y-y OCk fe -ks^+ (U u > k ,<>\] 

= ( l ° 4 u)^0-3237W.80-6fl/!4>+Ml.84- )4b.2(o] ^ BH</U 

W^ ck = W t -W p = 2 .252 X^ b & Vk-.-A«J 


Wc^cle 


g h g ^ - b«.sa^( £{f t &ifaa j s The Hvun^-fo-5 <2«. ectfSS , ^ Haiete. 

au kaa-’c. etcnDfwlc v'ALwje. 7 TnLts ; <x rtt^-urncU e-nenjy-base^ eTfic.te.nty 15 J 


© 


^■£W«va.U ^ ^^M+Wq^. V C^ss+ei^tW^ 

&*K . VVv. CU,-V lt > 


- 3.S4S~ yiD b ± 2,4s( w 0^4- 2 .2-S2-Xt 0 ^ 

(lo'iOSM.S- 147.84 ^ 

- ©,147 (14.1 %}-*- 


A w<va tit 


M 047 X. 1 O 7 


i. Ik eaHy pnWhy of-fo- s’prfii edttion, f={a g.g| was iMcemcf, tU eovWe^ 
Ver^m is Us^ c* +k if SHufAn . We o^dd*j(»« >-4Ae em>r. 

2* An fYJtbicici6 he u ujguW pv'bvftd^ & yv\o^£ ^tccur^£ picbufe of ■PUa- 
CConDm 1 c vetm^ wW4\ -AUe WmbiVwM hca-f V\c^ cxkrfpOwje^ c^jcie . 
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PRoSLEM 8. & 2 . 


It: WorUnj JW, iu a. biWu 

Si J^Ti ^ co 9i Aer **V 01 * *f Totutr avcd Pmc^s steo.v*. 3 
UCLt-<x £XV€. U.iu>um aP varcowj loco.-h.bns. 

Ema- J*r. liw. w -tu <-®te of W Wfer -b Hu p « s ;„ 
fu . 3«wj»tor» 4 Iulim+ powo^ouHpJ .f+L 

■!x;ua c ^. fc! ^ ot w ^ 

SC^eK A-T ie 4 MMIfcj T>ATA : ®“ 




(Ujn.fr*! volume £tf 
TW 

ArfiAba+tt f 


CD eacU Co W pcm««t IS &v\o.4i ^ t^nrro, vo 

fjT ulw^ unh^ ^ ll +t r' 3 ’^ es . a ^ iseiAfre.plCA.IU*. ( 3 ) 

Cov^Td voUvvie <xvw.»vA ffo. lw4:eir-Co«nec?iKg Uecft tycUawJlU \ £ 

(41 po^eiA-K*.! «uergy effec+s core n^.lWilok^j'p 5<xWaW 

txifs eac(\ co*dev^r a* +W WfctViSt j»re«u.vi . * 

W/VtVSfs 1 Fi^sf-J Ax eacU of +kt prmci^l s-fectes. For Hul (40 cuc/e ■ 

5CUk (. n ^ it/\ —r- _ # 1 . , _ - . t _ _ „ , ^ 


SMsd'. p, a HQ W-, 7 ; U, - 5 501.1 Jcir/k 3 




^^ eZ ‘ ft.*l-5 W # = 2570.6 kT|jeg 

— R *■( bcw* J Sat* I^UX£( =t> U 3 = HllHif kJ[(*g 
3 jofe. 4;. ft -1 bar, "ft = 4o°c =fc> Cov^pressei ; 

k '- 1 p - p ~t, mo 

- * S ^3 ^(1-0112 jj0 5 »(in*-|j _ lkJ~ 

-251.2 fcr/fc, 3 J IU " flu> 3 M-, 

SJ^f^L: For- +|* ntCxing of sW s 3 a%^ 4 4o far*n S W« «. 

0 = m 5 ”3 F vn t Vi(, - (*4 3 +yvi^ it v 
Or, Lj ( fk vm 3 =■ z.s k<j( S/ vnt * 2,-5 kj($ 
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Problem 8-82 continued 

V\ 4 - +(.5)(zsr.2) - 334-33 kT/lw) 

5 : Ty. & , k s *• hif + v H ( f> s - Pi) 

- 3 34.^ 5 f(» .Oa«W Xio' , )CHO-l") 1^,1 

* 338.34 kT/kg 

For +U. ft-HH&oycle. ^ 

S-kUe <x ■ p^- Lfc bow } =■ )oo*c -=£> k,. - 317.4k IcT/tg j s a - (.OHtrT Wftsg-K 

skuk. b •• P^- ^ t>4V t St= S*. lit s JI2'^ tTlkj 

C •■ pj, = 4 bour ^ SO-f. =»> - ‘Hi 5b l;jy% 

54ttk d‘ - ^ h fc + VlCf> d - Pi) s. <?9.Sb^C857b^o -3 j(Ifc-‘?) j±|* j *100.lb £3* 

3 1 

From rrui>.is a,tx& 0 >v\Q.*~gy balances ■for" 4ke c<m+rol volume •6nct©Si»i3 
Sfeam pttssrn^ -rtirou^U +(<2- 5+ea.m ^ewera+or* 

<£,■* = **, £K-^s) 

* Cs k 3 / £ )(3307.1 -338.34) *3C 1 1 ‘ ^ | 

^ I 7,8 77 ___-_®J5 


•b) For -R*. HaO cycle. 

W„^ 0 * W t( -W f| *(Sk 3 ,'s) [(3307.1 - Z57C.6 )-(3 3S.3H-■537.5?)]^’ 

v. 3 U,| kW 

To defevmme fke. -vwns -Plcuo mte of R-13 4a > umstder+W« i ute^-c cm Meeting 
Uea-V cxck^M^tr 


O * >m s f la U-j ) + vvi R 


or 


M _ V*y 3 (k,,-10 _ (. 3.5 kfjfsKtSlO.S - 417.4k) 

* (V> fc - W*) ~ (*Z*T.Hb- iOO.lO 


- 23.<o6 kcj/s 

liuAS " v\a E {^(W^-UO - C^d* ^*)3 

*(2 3.b8 ) [ (327.Mb - 3\2..1*<)- (ico.tfe - *] - 33M.H kW 

tIvjl |oW powcw cAevetof«*t is 


W ^ = 3kkl +- 334.7 - 3^45 UW^- 

u 

(c'J For \w<£u.sWi«A ^roc-ess 

&pr©<*« - ^protest ^ 

-(2.5 U,/ 5 ^2510.»-2.SI.2)^|X^ 
^ S7^}f kW^,-- 


VI 


Ojc4 < 


Q proem s 
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8.83 


fcMOlOK) : iVofev is ‘Hie wof It-irtj -flu.iC( /u cl /?dnt-(ne c^cfe us&dt -for- Co^^ne.rut'i<n^. 

The cycle. produces f>ouJz<r / and eviergy f^jeotcd An>m -fUe. contiertf/** 

/J ■fransfemd -fo CL Separate 'process s^nea.*w. Dctfa. a re 

vartbu* tocatcens. 

EUJJ&; D&Wnune. +U.e-7mss ftou^ rate -for -/V &tnC<£te c^c/g ooorhy) f-lui^ 
and. devise avid tva.tu.oAe. an ef-fick^cy for -Hie. overall 

coaerteratiOh jMsferw. 

i. p; ~e>eo MM** 

T.znoo e F 

T 3L 


SCH 6 MAT 1 C j &U/E.U PA-rA 

goo Ik#/,** 


r 


70a°F 



4=“ s ^ 



= HO /W/itP 
{,!>) s&hv apor 

i\ fo process 

1 ^Pfoc’ 5O ; 0C °|f 




£M6-tKJE£PiHQ - 

M Q P £ lf (*J component is anaiuzed as CL Can-trot volume ai. arcade 



Csr\(X. po^rt4iaf €nev<j^ ef+ecrS attz negi tgtble-CS) li'?M.ide,jc 

Conde^rai -fUe ccwrfenjw ^)fiMsu.n2 .(fcj 7 ( i53o <, (?, f 0 

AAVUySiS; Firsf, Ax eacA of -rite j>r»KC./pa/ 6-faie.£. 

• f t - Soo IW/iw.* 7 ^ =. TOO*F ={> ti ( = 1338.0 QUi/llo } S, ‘ 1 .SV 71 dhs/n,-*£. 

•States: Ftbt, j»o Ifef/iU 1 , s tS ^s, t, iS , = ll3U 8ht/!b . ^N-U 4-he. frrbina 
tfl-Uiicuuj h, - h x 

^ = "h, -hx » ^ ***" *»“ 1 ' 1 U 1 V t U*') * UlO.5 Btu/lb 

bvm Talok A-4£; S^a/.SSiB 0WI|i**£ 

Sfafe 3-. P = l8o Ibf/i'nf sat. /f«uid -is ti = 0fu//t ,s =ar 329 ^ 

5 * 6 3 J 3 lb- ft 

StH-te i £; v «• h_3 +- ( p _P -J 


N4 4 [V 

II I 6lu | 

j i f+" 

Ib^srMW l 

: O. S3Zl 

0 fwtb -°ft 


SAsJt j. ! Pj s /^O IW/ivifj tg. ■* ZSo^F ^-Compressed t'^uid . T/\its 

Kr w %o*o) + v f^Ir-r^@ iso v] 

- X/8.4 J-(o.o/70o)(/^ 0 ' [ 2?.B2)|^ e | ^^18.^ fl/u/U» 
atut 5^. * Sp(2 so) '0.3&T7 0f<A/fl>-*ft 
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Problem 8-83 continued 

S-fgufe 6 : tbf-lt'* 7 '; 5ai.'*s&f** m =&" - itf-3.3 Bbt/tio^ s^^/.S7i>/ 8iu/((,- 0 ^ 

To fii\ck -fUc. eujc /e m&«5 PIdi*> •"cd«- ; us<c a.w balance, -for lUa coyidei^i&f' 

O s + ^proc 

¥ ^ hj-ij 

fa oooltA)(. ;1 ' M ' ,W3 ' 8 




Xojcte * w, 


34b.3-1210 


~'j * 5.5 77 A(0 V Ita/U „ m f-jclc 


For fie cogenera.fi o* system, the. cycle, rich loot k av\d fUe 
■franfftrrc^ +o Fiie process •sfceemn ere, Five, otcfputs , ftwd +i<e e*.* r $y 
increase of -flte LuevtmQ -fluid -tiiwugb He 5-f€Am generator is ‘Hie 

fnpufc . The difference oefween -FUe ihpuf <>wd oufflwf represents e*erjy 
dezhzysA du& b> (rreV&rsViUi+its. lku.s J a reasonable e*crq<zUc. 
icteney is 

_ y\et rate, e>{ e/«r 5 ^ ooj-pui 

C * 


refe of eiverey m P^* 

Vvfcijt|< + tvi pro c ®f? ) 

""V^C e n- ei*) ^3- 


6 (dt tilii'FioiA) 


itvatuahn^ f/te various quantities m finis eypressiow 

^cyde = w*-w p » 

= {s.577 Mo h )tf/3Jfi.o -/ 2 2o.s>- (2.io)] = b.H 36 O fc 5 k,/U 

e «,- e fS- - 0*6" kj) “ 7 *^ 5 ^' s '5) 

*^I<13.S-.21M')_ (53o)(/.S7£,J-0.3i»77) * 3Jf.V 6Fa//t> 

e *i- e -fy -Cf ( -^ ¥ 'i-7;(3 / -s v ) 

- C 1338.0 - 348.V) -(5‘3o)(/.,5'V7/ - O.S3251) - V5"2,f &hi/lb 

tWs 

+^.S77yto v v t/U^(33H.n ^Fayit) 

(S.S*mio H lVU)(452.t BW^ 

« , 0 j a , . 6 c value) 

a.S a; mo 7 


€ * 
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PfoBtetl 8.84 

Met tombu&Kc*Q ca&s enfeW-be b<&-+ CxcUaivji^r u#-it £>ftUe. 6-hum 
tytHevafor of PnotW n 8, 17 . TUc e±U- et thcgas 

strew i are. fro rut eA. OfUerdaJa <*& from the CoUiHem £>i ProUe^S.ij, 

Fim.- i>*fe.rW rt e («) +ue note exe^i is otvri-ed. by+Ue slreaiv^oOHe 
rptYCtfe exe-rfy U curried bu+ivi tj-HU mltof e^e^M ' 

a^Sfruxjnxm^tpj-H*. fcx«^«H^e£Wciev\£^ btj e^, 7 . 2 . 7 . * 

CXcUa nccr' 
ttKi'f J 


Fu«l 


a 2©8k> 


to 


n. I UctP* 


Air 



1 

U t 

hot ‘ 


\ 

*— -J 




^ i - 332 IA kJ/fc* 

S, = 6.S2S2 


72 - 12-00 k. 


•(4J ^ = U>S.<J (cJ/fc^ 
fy-lOG bar 

F*J$IAJee ftlM(f I^ObcL'- (') psr 4fie gfec^to - state COV^VdI VO^-I^IC. slvOuOry Q Ci = v) =Q 

(.2-1 kmc+icavui potenf ic.l<VkCrg»j are ncgl ig ible. Tba to>vb net-tow gases a^e 

Hack sWn <2*perie»<eS negligible 

'• From sfeaJ^-slate. rna*s baW-ce* on+b*- waW- uir sfreums^ 
.«^pc-K/cUj j ^ ~ h\ = Yh a-vwl = m € 5. rn^Vr. Tkus f +W cv\e.rau rate, ladance. is 


Or 


o - & 

W\ 


l W 


* Wtv + ^ ^,-U ) + ^ a ; r ((v ~ U e ) 

K-Vw* 


Vv; - Ue 

Rt>rtv Table A-2.2., b; = imi<| LTlbg mJL b £ = fo07.DZ uJll^. ~rUiu. 
- 3321,4 - ibS.9 

m 07.02 ~ 4 ’ 

(ajThe note. ex©fgj is carried i_v\.by+Ue fjets stream is 


El;. 7 E te . - _ 

vn m 

Sirtct p. =fi. ■ s~ s e - S,’ - s e “- VFTf 

e« - £« 


m ‘ Jr «*;•<%»)' ^ Tk-li^-T„( S; -s 8 )} 

H/t+b dftte-frwiT&bM-^ 
tr 


O O ^ 
= 


^ Q4.704 ) [c 12.77.19- fe£)7.02) -02-68X3,176 85-2.4091)2^ ^ 

- ^j( 2 #¥ s-le^rvi ^_-__ 


(.b) T^ie, ait 1 rate exe-rj^j Is carried euj; by +We ujafer is 


raie 

exer^H 

Cftinrit4 

\b\ 


^-E 


*4 


w 


s Ce -fr^4^ cU r U 4 ^-To(s r s^ 
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__ # 1 # W T 

J. des-fruc-fun* 6 l $<2 is due 4 o 4 rar^ ft*? h 

i'^iMpe.fTpj^.f'e. Cffmio U£j~iey\ fj£S Sjyzan*[ -fc> ~H\a. u/cd© it; 


Problem 8-84 continued 

Assuming ^ S^c'r 4 ) mWfOteKh^ In TaMe A-Z u>'rU r * S' 4 

€ f«~ ^ 4 * 6321.4-tfcS/»W2'«*X*.**8z-0.S6*|Z)s /<B*7 j^ U 

(C) A- < p9\xj(^ 4i»e eicerfy r£^e txstl^wioe heed- -exd>i<*.M jer unlf ®*U- 

OK' 

/T) s * *^ g -f4~ g l< ) +- ^Cfj ~6f e ) 

m vv\ 

*(_- i43*.7)+(iH*.) - fc133 ^i(^4 -- 

C^] e^.*7.l7 

6 = = i 4381 . = s.fc6i ^8.,%)^_ 

2.11-2- 


&tlm 


r- 
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P/?0<3l£M 5.05 


KNOu)k>: The vapor power cucfe of Problem 8J1 is fo be- analyzed -from 
■the <f>erspedrweef y acceavvK^f. 

P/fjp ; X>e-^ermiVv 2 4 he rate of lUput fo -the. coorUiUq -f/iUel pass 

fhrOu_jb -H^e S'te&i'n nxfo^ - <aii<>( accoanf ■for all outputs } 
losses j and destructions of finis 

jc^g/vi/>nc <£ C>u/£kl T>M (\ . .See so/a ff on io Problem 8.1 7. 

&Jfonjes/?iWr /HOPEI * 5a.me its- Problem 8.11 ■ AISo^t^- 3 fS°c -z88<j p o - 1 
ANA-USi - VJi'+tt data -from -Hne soiuit am.-k> Problem 8,17 
$Me. f - h, = 3321.4 loTl^ ,5^=6.5262. i-^/AyK 
sjcfej,: h z -ZZ!2J , s x = 7.5334 (*r z -0.5775) 

ffkdez : K^*i 5 l.s 5 kJ/% ,53 *0.S21o feJt^K 
Sjafe^ -. =16-5.1 k-Jl bj t $ 4 * 0 . SbiZ fcjffy-ic (Assam*. S + *Sjpcr 4 ) 


>Oa 


* 1 

*(3321.4- 65'.‘?)-^.&S)a.5^82-0.5 fc7 2> 
r \A 3 %P ur/hj + - 




Oujguj 5 

• AJ-ef Power : Aiilii!? ~ 1034 1 lcl ^ 

. ’ "3 

• C«*W: ffzLJEb iefi -^ 3 = (k-SW^-^) 


^t^dn2Zl£>' 

* TL</rblWC 


= (2272.(~ /Sl-SS}-1(1. 6334- 0.52to) 
- H.fc> IcJlkj 


> tcwtp ; 


fElLJurb 

vv\ 

pw»*y 


w\ 


T^CSjrS,) a (2&8)(''7.8334 -b szfiz) 

= 375.0 

T e ,(s <r s a ') -(?-&sX^-s 02 - 0 . 5210 ) 
- 13.3/ 

&xerg tj .AccoatvI-iVij ■^tinnyyior*^ 

T^puT 1 4? S,7 

Oalpt^s. 1034 .I 

lA.l 

TD4-4.5 kX/i<^ 
lWru.<funn-s : 375.1 
13.3 

3rO 

'&&L' 14 3 8.7 IcTlby 
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FRogLEM 


\CMOlL>k ) : Hof to*vibujftovY gc^es eu,fe*r fUtf kecef c^cUA^jer uuit of fta 5^^ 
af Pro bU>m 8j*\„ The. i*Uc+ £*Ct+ € r^furr,s of 

+UiL cy*£ s+r'^a.wc aY€ Uv^OujH* OftkJLv" cblfe* a re -frcrrv> Probferv-L B. i^, 

FtML .‘- D-e+ermmt +^e €^r^y dei+t vchtn rfit+es {ia (J*) +U<L hec*J CKC/Wau^er 
UM-U ,{^1 fLfl- H^b\v\€ awj, pi^/uip , w ¥^~ covuteiAJer- Also, 

dOyfcxUa-fe. -fW v^f- |rai<. £** 0 ^ umri^ awcuj by -Kjl 

CootiMj u >o$er fWoy^U fka ccv\Aewser, 

SCHEMATIC ^ fclVEiU DArTA l 


, Exiting suck 

He 

\r t - 840 *p. 


5ao o R 
-> fv.-r /fc>fft«* 


g^mefRuJC - 

MaD£L : (iJ Same <l_S P»-<?ble*v> fi.il. 

O-J Tcsyzo"/? , P 0 =<V.*7 (3J Tke 

coYnbuifvovi ^ase& arc vno-rfeted aa an¬ 
as aw i‘de*.f <jas.(*fj Tke fl&s cfr€a.m } 

-rt-€. p ft. is 11*9 -jiiron^U fke 

fl-lAel •&*- CcrAdertSCf^ 

a,iij -ft-a, t&?\M>*.f&r osoliVg aja^er- sWa^ 

each, ^i^pen'ence H® pressure efifry. 



i bjk 


— i > 


t , 




n 

J 

_n nnnnJ 

l V 

1 j 

i 1 

V (J U U U ul 

3. 

Con tom ef - 


mj\ 

_ 

1 

s . 

Cooling i 
water m ! 

\ 

— — W*J 

1 Coa^na 

1 water out 


(,.43 */£>' 

tww 


Aajai'J si $ ;QM For* ika cov\4rol v oU^<. luviro^vji'nj -Ha WjUiA A.'ie.cUA.wije/* avJufc } 

S-ka<U\-slate WUi» balances -fov +W w<vter cuaJl aVr stetaw\ r-edUAte , 
faspedtev/ebj j +0 vvi ^ ~ v\ * vC\. a**Jl vv%- k - *a c s vv\6. , TVaSj +ka vote 

bailee. is 0 0 

O v\* (U M -VO A- ^o. ( L ~ «e's 

a fVM 

F'To^ Tabl^ A-Z 2 E J V\; - MHthBZ omJL he - 2 J>l.Sfe 0 k*/ 1 V 

* „ 0 ;H„ ., ^.,h> 1 uK .^-7 z ^n*Miy) , 7 (. , b/k 

a (‘(QO.efi’ - XOI.SU) 6W It 

-ru» <o*t 44 coax W« {<5VUjJ "fvcrv^ Ed = T 0 (T tv . TUa eiA+TOf 1 ^ 

ra^e. 'ooXaMte -Wm- uta+to! VoVuvuil Is 

0= x^jPd- vv, (s H -s ( > +-m^(s i - 5 e 'j +- <r cv 

'TLls 

£ 4 * To +v^ A ta t -s^J 

SviAtft Pt -Pe. > Se ~ s - ~ s &~ s ? - ■* Sg-Si . v+Wes -fm»A 

Tabl^ A-ll&, Sc* 0.101^7 SI =- Oi^2?0^ iu. 
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Problem 8-86 continued 


Tabic A-SE,S v ft 0, (33,6>H wi+U s, * I, (,1(5 dWiU°« fro^w 

Problem 5. 

E d - (52.0 °c) j(|. H XIO^ £)( f.(pHS-0.ai(,q) BWtb 


+( 7,11 O* 0 ib/kV 0,7o7K7-aQ25o5)J 

= 2.2H Xf ° 8 bHa/U.*___ 


(b) For Hm twbint. j wiH\ 5, a I.UlCT 0K*/lb-°£ and S^ /.lOOk 0(u/(b- 
basest fvu/rt Problem S.i*} 

^ T c vvi ( s s, ) 

= (520)0.4 x/o fo )C(,^lV-/.GHS' )=<*.$! Xf<9 7 6Wk«__f^, b 

Fu-rMva r ) u/i+U S 3 = 0-1321 flWlfa- “(? ffitf. Jig. a* j Ilf/W: ), f-k-A-JU. 0 f 

Jertr»ch(M ^y< -fL_e. puuA^p ii ® 

Ed T> 

= (5ZOX1.H xio fa ) (0.I114H- o.mi) = 084 xio 5 &Wh 
(M Svwi\arU-j j -for* -Hmj. Covwl^w£€v~ 

£»A - l D ^ ( Sj~S t ) + ^CvJ ^ 4 iWj pu* " 

= (52.o)[(l.f XfO^K 0.1321- [,7frl(. )-*X 6^1 XlO n ) (.1*^1-. OSffSsQ 

= 7.n "fio 7 &W/U. 
wU«re s Ll0 •* s^CT"). 


e«i 

(Mat 

«>cbc*i\6« 


■W} 


Bd 

■ ( ptx*{i ) 


e 4 


(u> 4 d mstr} 


FiwaU^^ ^Uii v\e\ > vaAe ix c&irrte^ O^t* 4^4 cooWb*xj loaAe y" 

p 0-S $ v-W\ro u^V\ 'fUiL Cowles «. r 


( etc* - e f ,<£ } . ^ Luo [fc^- U CM . <t O-T 0 Cs^ l0 ^ -sw-Vl 

^( 6 , 43 Xko' 1 ) 1 ,( 38 . crt- 3 - 8 .08 )~(s2c^(. 0*1332 - .osjrss)! 

r <_ 

- 23Z*\0 7 fiW/U ^ _ e * e/1 ^ > v 

carri ed oat 
^ tooling 
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FR.o?>icy\ 8.87 

KfJOtO/i : Feedwater apevwAs 4,S (M iluz r&t^nentf-wc vtirtPr pc u iercude af 

B.fel. J vi « 

?MS: SSETTc^ rates ^ eadv W*>*fec tewfer W ew**« 

rS &3 WESfce &£fi 8 S?a «^s**/ 

SCMgWTLC 4 G, { ve*J MTA- (-Sec ^ot^v»-tef^fcmg.fc7) . ,. 

**> '(ftl^yuo^) m 3 = y m i -Co.OfoB^Xl^) 

= ji.l ^5 5 3 3 fe.?l32 


-j. , fn t = 3oso.*f 

r is* L..Si32^t3'X 

4 . WiM^fi-j'i 1 " 1 ’ 1 *, 

* , closed teafcr i 8 *&*S78.32 &[ i 


J'32 j - 7 ,bl kffjs 

3 7" *^3 = 2S2<5,S kJ/% 

p~ i--- ^O-y-VH 

' i - LcrA 


1 ~ ■ 

V i.fct.% e 

Cr^M-sV 


h k *nin» 


s^« s 


*3 


Tcau 

= o,s<»n is? 

4* 


)g>87. 3 CWj" 

5tjS^.7b54 u?tfcy'f;| f ^.a ' 1087.3 fcJ'lky Yv*,»i20"kSs 

CTaW«A-S) Su, 2 k3*|Aj-K K-j = 5feI.47 

eMCUJes-ei M&- MopeL 1 . t>e& salu.-kW ~te> V 1 ^ 18 ^ *3nK/s 

Problem <9.<°7. Lei- T 0 * «b °C - 2£? K. < ^ j C B7.? t^Uy 

: For cfosc^ he^kr, (eo() cw = To(<jVv) CH , s,^ »2/tto4U Uf^K 

Appl^v^n «.^«.ivVrc>ps^ >®&la/v*ce 

^ ~ "** YV '«-^ S 2.~ A®tv)c* 


tW 


a ^8^K)^3t.l)(2n^-t.5132^(1 7 . 0 X 2 .7GS4-i,kW0lS<. fuj/S 


45% uw. 


(£ii Vn 


S'W'larV^ -foY"Hi& opo,n-kjeitujaie^ UcAkr 

° vn 3 S 3 +m t s fe VAtSt 4^rw) 0h . 

~ ”^> {^YV»_, S 7 " Vvi - Vw t S 4 — V\> M 5 U 

^2.8 < l)[(l20Xl*b r lt©)-^-(»7)(fc .5132) -( SI.-Z3 X 0 -*3*n) “(3 I. l)(2 

- 3c>0<j LW*-—- ^aW 

Fbr -H\<£ tooricm^ £4eux( ^patsik^ -HAtc^yk Ma& <^VA&rcc\<>r 

St cU rk) -T.^.-SiO 

a<Jz^)[C54tS.4 - LOB7.5)-^-S'OO.si32- 2.16.541]= I. SS4 X|oSw 

TWi 

CE^) t M ASHh _ „ /• „ „/ N 

“ i?S4xiO s /□)-*- 


Closed 

Irtea-fer 


(s<d 


^iL 


3005 




-0.01H3 Clfo 0 L}' 


^ewW~ 
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PRoS<_£M 8. se 


KAj o w m ; TK*. rt^ fw#ri^Ve V'ipor pou-r**- cy 

<i c ^ rv ^ *t>' I fl-f- ^tCoyAh'^ 


ft a* 1 ^ 
F/teP: 


?• 


.f Profel*^ 8 14 t~f 


eiC-*rj^ *t-o Ujorfc^J -p^*^ 

’f'U-4* ^ < n «J<V^ iVCCo (✓**.+ f UT- i-C5*p^}* ^T* (rt^i 

^'HrtJL s 


5CH^MAT\C j; f,Wfc»J DATA : 5>ce. solu.H»*. 4o f^ofekm 8.74. 

CtJ< AAO^^il > J t rr Savwe <*-s i** Probkwi S.T'f. MiOj Js.± Ti = /S**c aZ8SJc at*Ji =1 mw*. 

Amtvsi*. •. e«-cU pym c.tpo.1 s-R-k is -fi'xe4. m R* sofcrfvovl k> prt>M«* £.^4. 

■ft* apecifrc er\rt\*t.pies <X«-<$ eiUrviptcs cw'e.: ' 

SWt WCUtTIU^ sUTlhrKN 


1 

- 342^, (o 

fc.iSSfi 

2. 

30fi2.t> 

6.J-r8i 

3 

3SH5.3 

t.'tori. 

a 

3C2S.7 

■j.on 1 

- 5 

ife4S.fc 

■77ZS4 

t 

ZX^to.q 

-7.4 %5°i 

—7 

i 5/.b * 

.52.10 

S 

1 Sl.fcT 

• S2tO 

-=? 

Hfol. U 

t.433fc 

10 

500 , fc-M 

UH33U 

u 

” 781.7 

2.(344. 

12. 

7t?2.61 

2./3B7 

f 3 

74>2.8i ~ 

2.ZOZS" 

-Jk i 

1 3o3.& 

3,Zofc4 



5.7.04.8 

(6 

/3lfo.(o 

3.3t,o^ 


( £ #e /so°c) 

^ J f© Z9 5 "c- ) 


Fopn^ +kl SoUUvow. +0 P*-ft'ol«.¥V\ @,"I4 J Yv\, i |, Sfc&xf© 4 Itj I L, * HII-1 W<}/s 

a 0. 24 S6, v^,' 1 - 0.OSI 4, ttwA a 0.O4O S . 

Inputs 

BoUer / saperViCin.+ev-; 

^>C e *i "^I'l) ~ jXjrt,-C*0 ~To Cs,'S, v 

= ( 4lt -1 -l3o3.a’i-i6S({,.i8s8 - 3.Z0fc4)] 

- 5.141 xco* a" a 5/4, i |4W 

RtUcnRvs 

(en-eR)= W\ t Cl-^> t(k,Aj)- t 0 U 3 -s^ 

- 8IS KW 


output 

oa'Vpu^ 
of U^lAiL 


ToVf ; boo* 4> 


I^W Tw.pu r 


1 y "i!. v 't/m, - ’' J ../^. 1 '] 

“ W(7fc.o MlA/ ^ __ 


CK^fpUnt' 
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Problem 8-88 continued 


= vvi.C I Ce^fa-e^v) 

a "M f " ^ L ^ t> " Vv-i'i - "T*>C5(, 

- 37,3 MW- g ____ 

D£ STRUCT IflM 6 

tw.r|fl'h€.' 

e?j,, * fvv i"T* Ctr/iA ( 1 

* [cvs.t + (1-y‘HS^^ >t* 5 -s^+o*^^ 1 

I 5V71 HW 
&0-Ur V'^tt.+eir ; 

Ej ■ 'w.T.Ca/wO-^T-t ^’(s„-sj ♦£*,,-s,.U 

= IB.tZ MW 

t o' kjaAr Vi cocVcy : 

£„L ™VV\ ( To £ 5 i|- S io + ^ ^’4 ty) - tj'i s v ~] 

- fO .47 MW 
O^cia. Y\fcoA€'r: 

k -- ^ T » l ^ ~ T s s - ^' ^j' 1 1 s, 5 - (i-y'-y" -y- )s 8 ] 

= t?.1 MvJ 

T rt^p a ; 

Z* -- ^ 1 T P [c5 vt -S,i')tJ l ] -5.34 tW 

6 V’UVl H HVS|iO 

loU ] ; 4 1-2-7* LJ, 

auiuK/vnv 

: [(jOO.^MUJ Ou,Vfw^ : MloU.O 

U$S‘. >1.3 

TVsVrouflil.: 41. 27. 

UOO.S7 MW 


ioss 


■KVSj)] 
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8.89 


“ rx -* AfjfHn-itHvt (>«««»■ f*f cCt of Pn, iol et ^ 3 - 75 t* <* ■-*>«. I ^ 3 e 4 »v%. 

< 5 aiij u-f arcji/n-h'nj, 

,^'V Pi b«'f*i , m,'nt ■+**■• '!•»+* /» LLyf "fo "ft'U tAJerliiVi^ |0 a1Vi’h^ 

-V*--* i^en vw'e.-har' a«tjbLt.+ p-*' i'+t f*-*> ii -fr avi. 

SCHEKA-Tic. ^ &\V£H -DATA : See. solu.V^ 4o Problem S.75 

$ am< pnoUttw S.75- AUo, lep T„ = SZO^fc, p B = l \U-/iWt 

A*-W.Hsvfr ; SacU j>nV\ctf><4 sfete is -fCxe^ik-K^a Solu-ti.ru. 4o problem 8,iS 
specific ^vifUo^piWi o. *-dt a re,: 



k£6lu/U>i 

sCoWib-’e) 

/ 

iSVX.S 

;.6y59 

2, 

IHoH. Z 

Z.63/5 

3 

_ UlA^O _ 

i.loS 07 

v 

1232iA 

/.6>569 

£ 


/.9Zo9 

6 

V3V/.S 

MV 55 

7 

me. o 

/.9?8g 

g 

UH-1H 

W32*7 

__3_ 

m.&o 

.137-1 

to 



u 

Z 03. 28 

. 33SS 

rz 

_339 .to 

■ 5>59 

i3 

i 972.Z2. 

. 4 

tv- 

47/. 7 

.6723 

)S 

47/.7 

.6S5V 

lb r 

336. Z. 

. s xoS 

>7 

33fo. Z 

•SKt 


Fro™ Hjl so^fi^. -ft? ProtteM ^7SJ ' 3,2 86 X tD^ Ibf ti , u* s , j h%B , 
j y'“ - *oH3y w * * * 


XMPutS 

Boiler-/ jujier liea.'fflrir 

m, [.Ih.-htO-T.( s,-s, 3 )J 


'(?. ZSfcX/O*’ ^ ) [('5 4 Z.S - 4l2,%Z)-(?1o}( f.fe ^ 

- 3.6 5 X/0 9 B*L/\n 

ZtV^oAt^r i 


fe^ s -e^ + > B t U ^ - A v ) - ToCSf-S v )*] 


OUTPUT ■. 


- 6,3vZ*fO s BhiJU, 

To-fa.!: 3,i>2>j AiO^ ff/n/k J>ifu f~ 

vi*+ oup ? u+ • . 

of* ~ ” 3xi0 Bkfc/U. ^_ Quj-^ 


6piS 

Cm(t«+t- vvj | f f- y'- y"-- jj ”' ) t £57 - C ^® N) 

= TV '.Ci-^-y ,, 'y“'i)n,-A8)-‘l“o Cs 7 -^>3 

= ^^3S3fio e 84u/ts __ 


/-otS 
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Problem 8-89 continued 


Turbike : 

c <± - 7o^ t C ^ 

- ?.52/X<o 8 BMU 

t><Do WeoJr&r - 

T q rn, I 2 Ys,*-s J +CS JJ -S |t >^j - 3.1? XrO 7 BWU 

J6o iWt-hW*. hcstAe'f'; 

£U-To^, Jfy*y H) 5,* + ^- £(. -^ u S,-^ , S l5 '] ' W-377>40 7 fiWt, 

Open h^&-.te«r: 

Ei T^vvi, [S„ - ^‘“Sk ’ il-y'f J" 1 ) S ?1 

— '5.51Xf0 7 6>k*/U 

Ed - loVk, [_ cs #J ’.s, y i +C\j'+y u )C& n -£u'i~] =■ fe.orrx/efaw^ 


T^pu-f: 3.&B1 XJD^ (3.+M/U. 


Tote»t * 


3.978 *<o e Bl u/U 


tfUtyat- 3.00 XiO 7 
Loss'. 2,638 XtO* 

' "3*178 XlO® 

3, tfcZX(o B &WI* 
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pn D&cetf 8.^0 


© WOWti : The re^enem-fiVe Vo-por power c^c/e of Problem 8.18 U analyzed 
■from flie pemspeoh've of energy accounting. 

£IA/X(.; 3)e+errv>m<2 f-he j^-fG of energy input )b ffe wor-kin* f/ui'^ 

pa.ss 7 n<j -fltrou^A Me stecem generator And perform cctfculahoas 
-fro account for f*us exevgij. 

SclfSiMAT/G ^ 6-1 ^5AJ DATA : See SolufiovA f© ProJj/e m £ ,78. 

AssaMPr/QA/; : Same as /Vi problem 3/1 &. Af>o, let 71 - 5Zo°e and 
ih, 7 tbp/,** J 

'. £acXi principal sfufe. /.s /jk«<X iu the solution to ft^Wem S.&.6. 

The spea’f to e»Ulialp/<2s a «.4 entropies are r 


SWe laC-3WUO .sCstot./lb. 0 *') 


1 

>389.5 

l.SbbS 

X* = 0.99&? 

Xy = 0.9 003 

^ =0.2 7^2. 

S f(®tSS°F 

z 

n8(o. i 

/.60/S 

3 

U81.8 

J.i>o34 

4 

iZW. 2 

>,1134 

5 

] Oo Z. 5 

i.nqm 

U> 

(cl'14 

O .13 Z 7 

7 j 

10.04 

0./3Z7 

6 

5 Hz.4 

0.6V7/ 

9 

SHZM 

0.7 839 

to 

ZP&.to 

O.H144 

M 

/Z3. i 

0. 2Z31S 

IZ 

iZS.83 

O.ZZ3/S 


Fnom fvie 6olu-}-iov^ fo Problem 8.78 ; irv» ( = i.IVSX/o^ l*>/f # y'= O.uiff y‘VcjSg«,. 

/f/PQir Boiler/Sikferh&der : 

>vie 4 «.) * rf ( [0»,-h, t )-n(V-*iO] 

-(l./*/2?Xro* )[(/3ae.5‘-/25.8j) -(5ZoX/-StfoS -o. 

* t>.4"J(> X/o^ O-ki/ h __ J»ipt(t 


OuTPOl 


( Tntt pewe-iA 

[ owfpuf of J 

Circle 






5t.(cft 6b/U ^ 


OotpU. .t 


ms 


conrfe/iser\ 
loss 




» if, (e* ? _€^ 

* -vv», lj‘* ( (U s - V>^ - T 0 (s s -s^] 

*(um<0 7 J(©.8e><»^ [(£©02.S-69.79)-£zo)(/rm/ - 0.J3Z7)] 

- 1-001,7 to 8 e|u/U^__ loss 
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Problem 9-93 continued 
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PfcofSLENA 9-1 

K-fOOuJto: Av\ a.\r- sto.v\A<Xvt( Olto V\o,4 a. IcAOum c©rxpressi©A ra+io 

<xac*. sWIt ai rU«. Wfi i.Am Ag cow^rcsiioA. Tke 

\\eaX cuXMAVioa ^eravCvIr YAt»xi o-f cur- fa ^{vtn,, 

r DtteiffvwW. (a.} "tUe A«-t lootVl p<j.r u-vwV v**.Si of air ,VM tVfc. 

(Vermel tlrt-icicACM } teT tUe. w\eax effcct-w*. presso-ra. avid 

Cd) e m ax icv *aka cycle fejwp era fare. (e) pfe-feAckof +^e 
>eri«.i co\*~fm s i rv+ro. 


Schematic, j Gu/exi pat* 
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&MGlN l g=T\N& Mo&p.l: See. 



^ - Joo kBflw 
Ti s 3 ooK 


AAJAIMMS : Setjti* by <acU principal 3-f*,+e of +ft* ty ck / T*t>Jc A - 2Z)« 

J j> -/oo kP^ 7 ; = 3ooK =*> a. * ZlH.oi kT/kj , t*,. fc*| al 
Stair Z For ZstHfro/Wt Congress* ow 




Vn V* 


(.il.l 




V, ' <1 

Ttilti. T. = "702.7 K, tA x =* 5/4. £0 UJ/*y 

Stoic 3 7W specific ivi+CiAwtt energy u. 3 is fournet using 4-Ue energy 
ba.law.ee -ferr (process 2.-3 

^ Cu 3 -u^ = -.WTs 


u. 


Qi 


TWmi, Tj'- 2/9<.? K ix r = 2.03B5 
Stftiff 4 For +Kc teev\+raflc exp^r^tOTv 


v£ + U 1 * i3zo! £ t S/4.50 £5 -- 1 6 * 4.5 


W) 7j 


‘ U V* - V r* * Ws -^- a(l.©3e>5) (1) 1 l8.34bS 


Pin ally , T H - II lo.<i K , U H = Bs^.ei W/W* 

£01 To fs'niA. -tke x\tt wJorV. ^woVt+WV W^j. - Q^Uj 3 c 

^ . «£ . Sjl. ea . , ^ 

rn m *r • 9 

3 1350 - C bS4-5( - Ut.07') * 70<}. 2(, ^ (,q) W cy i« 

Ct) tKc +Wmm«. 1 etf-iciCAci^ is 

•VI - ^Igde/w 7M.2{7 . . 

—r—:— * --» o.S25(si.s' 4K (.W n. 

fill/”' 13SO ■*- 
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Problem 9-1 continued 

vriep - 


W 




v.-Vi 


Wc^t-le / *vi 
xr, - XJ?_ 


^ u^ile. / 'Vw 

( I - ^ /^, ) 


TW* 


^ = 


RT, 



LO 3 

p, ■ = 

(loo left*.) 

lO* M /vh* 

L kT 


vn e 


P - 


~ 0. &(o \ V*S^ / |t^ 

(.VA t ib WT/k^ 'J 

(. M * >| Jg u ■ - ^ 

- <Ut>.7 ._ 




i 

) 

1 kX 

1 o* Ml Vh* ! 


(e) Yriep 


tJ>£ AeJti( -far ■ftte r'd^utre^ piofs < 

/T Code 
r* 9 

pi =100 // kPa 

T1 = 300 U K 

Q23 / m = 1350 // kj/kg 

m = 1 // assume a unit mass of 1 kg. 

vl = v_TP("Ai ("jT 1, pi) 
si = s_TP("Air,T1, pi) 
ul = ulTCAir.Tl) 
s 2 = si 
v2 = vl ! r 

s2 = S_TP("Air. T2, p2) 
v2 - v_TP( M Aii J, ,T2,p2) 
u2 = u_T("Air, T2) 
v3 = v2 

m * (u3 - u2) = Q23 - W23 
W23 = 0 

u3 = u TO Air*, T3) 
v3 = v_TP0Air,T3 p p3) 
s3 = s_TP("Air p 13. p3) 
v4 = r * v3 
s4 = s3 

v4 = v_TP0Air.T4.p4) 
s4 = s_TP("Air, T4, p4) 
u4 = it_T("Aif JI , T4) 


rc obM-iiAed uSih<? /Tj as s; 

Wcycle - Qcycle 

Wcycie / m = Q23 1 m - Q41 / m 

Q41/m= u4-ut 

eta = Wcycle / Q23 

VI — vl * m 

V2 = v2 * m 

mep = Wcycle I (VI - V2) 


IT Results for r - 9 
T 2 = 702.8 K 
T 3 = 219 4 K 
Ta- 1111 K 
Ui =213.9 kJ.kg 
u 2 - 514.3 kJ/kg 
u 3 = 1864 kJ/kg 
u 4 - 854.4 kJ/kg 
Vi = 0.861 m 3 /kg 
G^lm = 640.5 kJ/kg 
Wcyde/mTOQ.S kJ/kg 
rj = 0.5256 
mep = 927.1 kPa 
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Problem 9-1 continued 


Plots: 





TUc-v-waI (wcre*j;« u>iH\ inCreA-Si *<3 cor*f*rsSitr«. ratio. Si*ce -{Ua Vecd 

(x^ukxfi'trK ‘is wwskw-t J 1&2 v^f- uoo^- of fW txjcl* \vvcf««cs,^s CKpeck^. Afso 
-|W vvu^i\aau.iM o^jofo -^ivu^^ciixyre tVcreases, 5 mc£ -fUa t^AA^^aXuA'e aJ" A-®- ev^ 

©f CffW^jrtf<Scin^ J ~l' z f ^oes u|5 (aK-H\ (Vicfeasii/ij r\ Ike. w*«^> 'i v\onu^ies. as well 

-for 5iVwi\a.r reasons. 
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ujWe k = \.if -frowi T able. A - 20 . 
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- t35o - t-niSKl 08 £J.e - Jool = '761.4 
Cb) TVx Cf«c^w 4 j Is Vl* —- 0.5 65 (sa.5%')^_ 
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Problem 9-2 continued 

TUe for 4^c plots cu^.olokui'^ usity IT, a/i follows: 


IT GwJe 

r = 9 

pi = 100 // kPa 

T1 = 300 // K 

Q23 / m - 1350 //kJ/kg 

m = t // assume a unit mass of 1 kg. 

k = 1.4 

cv = 0.718 //kJ/kg K 

T2 = T1 * r*<k-1) 
m * cv * (T3 - T2) = Q23 - W23 
W23 = 0 

T4 * T3 * (1 / r) A (k -1) 

Wcyde = Qcycle 

Wcycle / m = Q23/ m - Q41 / m 

Q41/ m = cv * (T4 - T1) 

eta = Wcycle / Q23 


vt =v_TPC'Aif".T1.p1) 
VI = vl * m 

mep = Wcycle / (VI * (i 


IT Results for r = 9 

T 2 = 722.5 K 

r 3 = 2603 K 

T„= 1061 K 

Qt-jm = 560.6 kj/kg 

W^m = 789.4 Kj/kg 

n = 0.5848 

mep - 1032 kPa 


1/r}) 


rich 
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Problem 9-3 continued 


PeoQuEK e K-’iCco^i4.) 
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o.l^^l (34--1*) 


@ . C<j^0tihr^*4_ O 
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^boye w* £ - (*r* f %■ 


L- A l V*n*<*Vi VG 1 ^ ) -fWr *■* V^vtfrlly r*tffV£it?l* p^oOt?rr U->e 

E«(, £L‘-* «“- 1 4jf$ l6 -- «, 5 -T„Cl,-S v ) 

,rr f ^>, /1 4i 8 j aff p^S-r^f i^c fv*«-4 ^ ^ ^ ^ ^ 

Cjk^^vJ^KVva * A<l£orit^Ii/ ^ igm'-fi’c dfl.r frK efl-v 

ocru/c fiuiMUift \ticw jivAfijA** jui. d flA/< ^tfic * f^-tVc/* ^ ^ mi.iJ lot w 4 c^A»3i 
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energy transfer {kJ) 


reoum 1.4 


TtiedoU W fUa. mt^uVvt pick are afc>WwtJ Uiiwd IT, *jS 6>U.0u*£. Sae. fVable*, qj 
•for 5o.yvi.pte cfJ«A.I«ficnas ft>r +t*« Cajc, of r*6. 


(T Code 


r = 8 

pi = 1 H bar 
T1 = 290 1/ K 
VI = 400 11 cm 3 
T3 = 2200 // K 

vl - v_TP("Air J, ,Tl,p1) 
vl = (VI 1 10 A 6)/m 
si = s_TP("Air", T1, pi) 
ul b u_T("Air", Tl) 
s2 = si 
v2 = vl t r 

s2 = s_TP("Air", T2, p2) 
v2 = v_TP("Air",T2, p2) 
u2 = uJTC’Air", T2) 
v3 = v2 

u3 = u_T(”Air", T3) 
v3 = v_TP{"Air' , l T3 l p3) 
S3 = s_TPf Air, T3, p3 
v4 =r * v3 
s4 = S3 


m * (u3 - u2) = Q23 - W23 II kj 
W23 = 0 

Wcycle = Qcycle // kJ 
Wcycle i m = Q23 / m - Q41 I m 
Q41/ m = u4 - ul 
eta = Wcycle / Q23 

mep = Wcycle * ( 10*3 / 10 * 5 ) 1 ((VI /10 * 6 ) * (1 - 1 / r)) II bar 

IT results for r ~ 8 

Q<= 0.3312 kJ 
T 2 = 652.4 K 
T 4 = 1158K 
Ui = 206.8 kJ 
Uj = 474.9 kJ 
u 3 = 1871 kJ 
u4 = 896 kJ 
T a = 2200 K 
Qj 3 = 0.6707 kJ 
W^e = 0.3395 kJ 
t) = 0.5062 
mep = 9,7 bar 


v4 “ v„TP(”Air",T4,p4) 
s4 = s_TP("Air", T4, p4) 
U 4 = u_T(”Air", T4) 


PfOfS ■ 



r 


As S6£lA b<M\ 

CVu-tH irwtp \'AC'T£Gl$* WlHv 

Co r&.Kc^r, 5 ivv^ Tj Is 
"tW Wtbk {W^u^r qjaA 

UsovU v\a cr^src us\ He t\ 
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PROBLEM <1-5" 

OW * A €<?Jd A ti* - 5 -+DI i* ci*. mi Olio Cy^l€ ^Ai A. Jc Jn C Q 3 J /' Gw f'dL T J jfV0 

<*=- Sp^Ctj^rd C5.+ Ek*. IflNtJiwv^'^j ® f Cow^jWrfSSi'On ] cl <a^ pp<* e*^'# d ' 

^p€ r~a. H> f £ ■ 

pitoiy* OeUr^njL £a} + 1*j U^4 H^dCdL^H=j J C^) ^cf C<; *_JL 

^-f-fVc^w^ ( (d) e#ref>V* fe) d ty/%(op ^ f^tl 

Ctcco^t^ fi^>c -tv^^r-ft d adcUKo*^ arti J 

Cf) ^tufi o-^d t/ftlya ft & k 
Schematic A &ive*J £AtA t 


rn 1 



t atr 1 

i 

i 

0 




MCpEk * ^AYnd- 4S £jc<tn^ple %t 

A IsiSj o^s^e- Cons+tf^vt 
S^ei.i{-ic. *ieccf"s «vn.1 wa+cJ arf 3CCK 
<2*vC l*i T<> = 2-tflK; P- » I bo**. 

Atva-L^SIS *. F 1 rst^, de-tev'm i'he tUt F*rttpBVo.^t<,/t ft+ ea&U. pm m upc* f cinJc 
ChfFU. u^Ui. T.^ZIOK is £ii/eA. k j 

5-ffl.fe t i for j'S««ttn!>pic. C<nrttprtss.iov^j Ti, T, a. kit.2. « 

where. k =1.4 -fn>m Tijile A - lo 
sfette.a i Tj = aaooic <s ^iVe.^. 

Sffrja 4 v For j 5eLc eicpctyisicv^ ^ 

A‘(^)r, -(*)n •«>»« 

(flj T* flkiii fki WfOf Arffci ^ >UGSS c£ <X*-C 


C J {(Jpo cm 1 ) | 


} JkJ | 

i t 

/’B.3V* kT \ 
U.k! 

jCZ^OKV 

( \?£Lf | 


loW 1 


TWeiA 


YV| a -E i¥l 

*n 


VVl (, ^ — C^tu'Si > J± ^ 5fc ^ ^ *"^3 — "^lA “ Q- 1,3 

-(4* Bob x.io~V }(.Ti & 

= O t $Z 9 3 ____ 




Q- 


x3 


(J&l To tvkJL “Haj, *^«.V ujctHc ,v\*+€L -Ka^ WojtU “ Glc^d* 

- Qi 3 - Q^i ” Q-t3 ” Vt C^r CTi^ "Tj ^ 

= CK5Z<U -^8ofc1Ci(rH^. , li5)(l5Tb‘iW) 

- O^H &<i kX^____—-- 

Ct) TKt +VeTtnal e-f^^cie-vity \s 

td) Tk«. win eflitiwt ( 5 .^s»u.*-^ ^ log 

wit. = Wt ^ l^_ , _ 

? V. -Vo. V,Cl-wWv,T 

Xnse^+ikc? v^lu^i 

) W 




iijjbl*' 


n. 


Mtp - S^ LX") 

£jsa*K t " y S ) 

= 0. 5Y iarr ___ 


ius n \ ^ kji*^ i m * 


to^Cv*% a 


TVlff I 
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Problem 9-5 continued 


GO S ft.dtL^'K crvv p-mc* rJ Avvtflc/fj* *1 O * r* f -i—r r , w , —— * - 

J * — 1 ' t*Ju*^0 fv <-++^ <*£p-*-* I *+Q 


inh*m+A /V^f v**n±Ar\ I* h , 

- - \ s 

+k-* frAirtf ia,j Usu*jd fr*\*\% fv c#v^ 

£ <* - C C* “ % ] S ® - <*m - r -j%i- M( - - Qi-i - 7 0 C£j -S*; 

*■ v rev 

Tl^ U^f A* SuUUt b+j ^ Jb la<^ : 

^3* S r L* "=fy^ ^ 3 ^ JEq “ * i tvi Vk q 

0 

E Q- Cyj-TTt) + fo£^^0^^3' S 0 -?*■) » U>.+K Cy /^ e ^£Q 

'"~~ 6iiCl^ inn lnT* _ 1 

~T Kt fc\t+ -W &irts f**^" cccc^t aj c^j o #-K hT a b ft*-* d 4^ ; 

O yj- ° 

?^ SS i-a; Ew-K'^ y P^cjtz-?: Ew = \w»3-Py&^ 

^ (£*/)«., «i* '■ ^n^ = tcj 

TUj j£^ s?f ^ Uj^-* tfVtf-* ^ q^M- 11^4 ^ ^ #s itfOW 

Eaj- Tr.-'u* + PppJ^VV) -7-„C Si-S+) 

s- w. L c v (.” 1 -T+'j —7^ Ctp^ ^ tOj 

- - (j,uo9 t=^ 

£y ^ »*a rv 1 ^ 1 

£k-<K^-J„: O-'lcnt^ C <*>*%>) 

'Di^p»trh* w >»'f 

‘ Gst^r*^ 


© 


. YJt{ w wLt 

_ V^J- ^*»iVr 
- G**}-; SflWjX-t. 


&3%) 

O' 11 0 t> U^%i 


C'U Av^ n-v^ ( fi\ 11 "t'f*'o'- 0 *'* *1 -fW f ft(< Ca. *#-* tuff ft J -f^ A* ^9 

of- +*_, tip-o^y-ed oJ^jigjf o '*■■**$-} +r»»sfa- ArtTw^^Vj -pi^. 

rte+ <JUs>rtC dt ) ti +**“' A*£4Y ACf<L*.d . r%<Q llttfl €( flC ft? ■• Aj G{yJt_ 

_ y Ui-t V-<- Cr - 73%. _ 

\. Sl^Vui 1 Iti Ifftv VL* ^ I I i\l Pi ^ wC 

^ ‘ ^CeercUVv^^ A 1 ? c*^-i- ^^Ivuchf^ OcCt/r^ 

t^cA^ o.L*d jt^jC-o^fj e h‘c i/^ L ti <?^(hj^ bA. Jlaex 

i hJWfc , 
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KnIOiOa): A fouf~ .kw-tboke evtfiUe operates af a. fc-wou/* £PfA. TV .. 

process^/m e#6Ucul>K<^r arA°m«la(e^ as <v eolct <xir-s+a*.cl&.rd. Oljo 

£H C ^ C ^'TV <k specify Get 5f^ ^ b€* LKviiWi €?t CO f&tt E>vi ^ k-HOo^ 

CaJynpfvt v\^\ wclt^o^ckmca a specif i«4 aAlte, 6Ke«llre ■ 

p /tvjd : X^-fer a^iVk wid rr\ejxn eXtftoLwe* 0fl£rtuie . 


5cne*wnc $£1^60 T>A=m ; f 

Fcur-44 /lA-ter 

® 0PUr~ 5rrt)ke 

3-boo RPm 


eM&iiuggftiKic- *AQPCj- '• Ss« 

Exa*de.4.l. Also, '*.-\4omA CyZO.nl 

e-ki/ifc-^Ar 


Jo£tf|U/,U. 2 



V./v^io 

T, = &°F 3 54©«K 
P.= W-7 J If/fti.* 

V, = o. cn4fc> -P4® 


WACVStS : PVsf } ctetewnihc. ecttW4t»v^in«4a«t iK-f^cycle. 

SM^Z : Asin^ , T^f V./V*')'*^-, = Qof'Vs-to^ = l3St.4°^ 

AlSo ; Rl^Cv./vOV, -ClO^' 4 04.-l'l = 3^.2 IW-iiU.*- 
Sfak* • V ^ V z. **> T s = /pf)*!^ = (IDBo/ 3W.^X 133t ‘ 4 1 51 3C|fc ‘ 7 - s ° R 

Siffik±- t^ <v 3 /v^) u 't 4 = (rs)° (s^tr/.a) = isTifc*/?. 

cycle. “fke WC5 


_Tb gef -fAe. -Arsf determine 4Uc nef iodvk Per 

i v\-ViAfi. <ujl iVi cl€Y" ts 




Yv> 


pV, (lA.TlUU^GP-Ot^fcfit- 3 ) 

R T l Cl^£_ f£dtf\(540 B R 

28 f*1 IV- 0 ^ } 


144 l'vv. 2 


l4E 


= O.oe>i44i ib 


W 


c^tle 


W, +W, 4 


= [CT, -1^ KTj-T^l 

=.(D .0O\44l 1W)(0.1“I I jjfc^jV ? 40 - IS5tj .4 Wj4(,7.8 - lS74.k)J 
z. 0.5813 

w„t = 0 ^'X^e ^)(D.3S 1Z 
- 51. I kp-4- 


\ 

fcO Ml IA 


1 Up 

) 

\ 


2-545 Btu/U 


W^t 


TUe mean effect u/e pressure is 

Wowid.le’ w/ix 

m«p s 


V.-Va. “ V/t 
0.-3673 B+u 

-Vt/V,} . 

7 78 -PI--iU 

1 | 

(O.OlHt- -l+ t )t , -0-i') 

i 6h* 

144 iU. a " 


-ufi.b im-/.v?.« 


l. In earUj pW*ifi*\e of+Ae. Stx+U Edifum^ -TAe Yn<xxfVvuA.m /j>ms£u*e aW 

-pUc volume af4U* i>egiVm.iV\j were Wk 4ive*j iVicfi/recfUj. 

"fta cmeef l/d lues core a,=.io§o [Wf/m. 2 - avut V! = D,o/4t *f4 3 . re.ffret ^ 

n 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 








































PRnBceK 


kTUQujM : Aw cu,v-sAa.w<i.oi«t Otto wjcU. Ux*4 < k . Ic-wouja eov»pfcsii ow fdcKo 

OivJL (X sp«.cif'-e«t sWta^- tka. b«Xjmni^ of- Corses*to*. . Tke ke«.t 
cuAolH*iow avuf -fue. e+ air <a.r«^/Vet«.. 

P t Mb 'D^^ervAma <.&> -^-ke, rw^*tvv\u.VA +€.AA.p«ra. | rt>V£. ^b) t'Ujj. WULyi iwu.w\ 

ycssuLVe 4 CkvJi (,c^ tk«. 'HautvaaI ePktct'eAOuj . (d) Pio-i 

Mt 'owj iji'ot-1 r<*-h'o re.v>QiHg-fror* ?. ir? ix.. 


scH€MA>nc 1 r«»^gfo t>A r TA 


Htf-- 



£^tSfjjee/ 2 /fo^ Mppg/ : See Exaop/e 

/VMAlYSlS : (a) To cU 4 e.«Wwe. T 5j becji-M- bvj Kxia^ SWto- 2 .. +w 

I StwttOpvt. UTMt'C*. C$ \'a>^ 

WVtV-c. liaAra, -Ifcrr a.vv- Is o'oku.vv«A 4vtw\ T dJo\«, A - 22E. tUjj-c,, -fow \r*. -19-623 
T*z. ~ UTO.s l?. } H -x Z 03 .Sf? BR»./ lb . l Wjl ew-evgij toctA.ixu.ee. -for* process 2-3 

[i . +0 ’ 

v**(,u.,-uv> - GU»-y £ 3 

ti - j_ ,, „ 0.9 BUt aLl 

U 3~ — ^ - row lb +Z °358^ -_ ftM.-RSew/lt 

ww T * w * A- 22e . -T 3 * 39 54.9%+ ___ 73 

(b) To 4 vaA 7a , AtWvAvW . *><- kU lsewV»pic eaYwp^ssiW 

t _ \t * _ -i- ' * 


» T»* %-P.. --84.5.61 IW/,W^ 


(.C) To detfc'rwuwe tW. ^W^t eHioeu.t^ , AVsT K«^4. -W vul<- uie^U.. iW- is 

^* Q*3 _ am _ CU-s 

vv\ wa TT " 'vjf “ (U.^-U ( > 

To fix S-Vc^fc *j } Cf3TV_iC4cTT fVjt «>tfp<0*Sl\>W QX*OCeti 

^■ r+ * Vr 3 (-^j -- VTr b *(.- 1 ^ 55 ) £ 8 )* 3 .7^4 

J T h ^ 208^.1 & ^ 5 ^ t dv^JL +Utt xtt' ujOflt U 

VOt-Mcie / '\ 

^ Vw 'S8.*30 ^ 505,33 t 

FiMAifj, +k«- -H*j-vi*\tU e-H-ici«n.(>j li 

v. - **«*de/*vs. 303 .33 

* °' S0& 
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Problem 9-7 continued 


Cal TW dai<\ -fbv -fW fid's eorz. o^ft^i-weA i>4i U<j as foilenos: 


it Code 
r = 8 

pi = 14.2 It ibf/in J 
T1 = 520 tt 4 R 
Q23 = 0.9 // Btu 
m = 0.0015 y/tb 

vl = v_TP{"Air,T1.p1) 
si = s TPCAir, T1, pi) 
ul = u_T("Aif, T1) 
s2 = si 
v2 = vl / r 

52 = s_TP{“Air, 12, p2) 
v2 = v_TP("Arf" 1 T2 1 p2) 
u2 = u_T( ,, Aii' 1 , T2) 

v3 = v2 

m * (u3 - u2) = Q23 - W23 
W23 = 0 

U3 = u TfAif, T3) 
v3 = v_TP{ ,, Air' , l T3 1 p3) 

53 = s_TPrAir', T3, p3) 
v4 = r’v3 

s4= s3 


PUDTSi 



v4 = v_TP("Airj4,p4) 
S 4 = s_TP("Air, T4 r p4) 
u4 = u_T( ,i Ajr, T4) 

Wcycle = Q23 - Q41 
Q41/ rn = u4 - ul 
eta = WcycJe / Q23 

IT Results for r = 8 
Tj= 1170 
Tj= 3959 Q R 
7;=2G64*R 
pz= 255.6 lbf/in. J 
p 3 = 664.9 lbf/in. a 
Wi = 63.73 Btu/lb 
u 2 = 203.5 Btu/lb 
y 3 = 603.5 Btu/lb 
u« ^ 385 Btu/lb 
^VpycK = 0.4556 Btu 
Q« ^ 0.4444 BtU 
q = 0.5063 
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F 


A cold air- Otto ajcle. Wvs <x Icwoum cow^wss^ov 

Va_Ka O^fjA CL ^peclfteA iVt?4€. <x^r +Ua Ugiw.n iVg o4 covwpre <tn^, jUz. 

V\e<d kddU^tcnv per lca'A v^is o 4 dur U g we^ , 

Tie4&rvnvv\£ C^o-3 -|Va y\uM* i 4 kk) 4W 

p^su^e I <xs*.d tel HW +Wv*al t^ficieuaj t (d) pfe^ -fk*^ 9t/*«kf>r 

vc^ms cowvp^ss*. caa ratto, 


5cu-e*MTtc j PAta; 


L A 1 Y* ! 



I y* ( r i 


L_ 

1 




£Mfrj^£p,^jM<f,_,iy\Piig.k : Sec Exeunt* <U. 

cwsta^F specif c he«te 

evati km\qA ^520^, 

^NfALVSiS ; To ds/te’rmi.Ko, T aj W^Cv* fcvaAuecH^ T*.. Por +Ua i$e^+irt*p\X 



Oenrwprev^tov 


/M \ v - -1 r vi'ICH 

T - = V^) T ' H 8 ) ( 5l ^) ^ 


*'#of 


LJ>Wce. U -LRoi 4rowx T^kAe A- 20B^ L&uleuAce for process 2-3 14 

Vv\CU^-Ut') - Qij-)J?j 0 Glv» ~ Vv> CopCTv-TV} 
lW(L$ -r =. Q V> ■ — - ®'Ha. 


T, 


W» Cvr 


co.oots wco.ni eto/ik-’te 
s4^os. £ ^‘’« „,_ 


+ lHTt*ft 


J&. 


(b) To-kujA > fvr^- d-e.Ve'TfA vvvc p, - ¥or -VW ivewfcrepc cuv*4'’ ne M‘< r> ‘“ 

fv * 9 ) fc p, " 2W S 


It-t/iVs*; 


Molak S\'wce V, *■ V. 


* P *. -1026.0 IW-fiU^, 


P* 


(t) e£4\tl't^t^ c<ava. V>£ c-eVcL'r^^UoJ uii V^ e^.^.e 

n-' - -tv -1 - 


- I * 


C\tsWvS*' { 

g ci^or-Ty *" O*S t?Ce^ (sfc.lp fo)^_ 


\ 


K 


C<^) Tke. daV W *4W. plofs o/£ oloku^e^ u^ing lT, ^ folbvos : 


fT Code 


/T results for r - 8 


pi = 14 2 // Ibf/in, 1 
T1 = 520 // *R 
r = 8 

Q23 = 0.9 // Btu 
m = 0,0015 // lb 
cv = cv T(”Air\T1) 
cp = cplTfAir, T1) 
k = cp / cv 


Gy~ 0.1711 Btu/lb°R 
k - 1.4 
T 2 = 1196 & R 
ft-261.2 Ibf/rn * 
ft * 1027 lbf/inT 
T;>M703*R 
a = 0.5651 


{T2/T1) = f A {k-1) 

Q23 = m * cv * (T3 - T2) 

(p2 f pi) = (T2 / T1) A (k / (k -1)) 
p3 / p2 = T3 / T2 
eta -1-1 / (r^(k - 1 )> 
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Problem 9-8 continued 


Plots: 
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PROS’LEM 9S 


UlsJOjiJAJAut A Jf’-Sita Hcici rc{ OtfO CAjcfe Itas Icnoitin COr^Uj-toy^ at 4l\e be^tw- 

Miwg of corvipri^tc/oiA . T£ie ctjefe ■hsmp&rtitura varies avor 

r<*n^« A(ve/ -fUe. carupnecs itru rt*fu> b^^jzs<py\ ^edfi'^cf Values. 

E 1 MS 2 '- P/of tk&rMil effitieyvy nn^ Mean etfectwe. press u«? versus 
yvuxKt'mUm ecfcfe fempe f&ki re -fereoxly cor^press-t'cu ratOo, 

ScMM A7\C a QmJ 2&mi 



a^iu^giMb MODS!. : 
ScufHt. eus Ex<xwyile *M. 



AfJAty StS '■ Sga^I t_ C_c*iAoJ.(*t um, -Pcr-S T3- lopoog uiil^a Table A-2 2 £ . 

Fro^vi j ftble A- Z-t€. j 6VuVib,vj. - L"Sl. 38. Fflr 4Ue prote© 

V r- t a ( Ur, = (g) 05f.3S) = 18,12.25 

1W, - ll^O.T °f? OL^J. ca x = 201.33 BWIL. 

fijr various va(u<?£ of A , a hJ. v r3 can ke dete mi 1 w«a froM i atJe ^ *z 2 e. 

T1a€Mj Sfccfe H Vs flxW U-Sin^ -H.e r^Lo-Koi^ for 4W Isew+ropVc. expawSitrx 

= c%K 3 

ft Put dft-ft loe. evaUaected from fUe ~[ahuAa. r <Aa.hu., for T z *■ 2 00o c ie 

U 5 - 3fr7.fc f B+u/Jb, l^ = , 1/y.f - 3H.0k^ i U<, - JfaV.23B^/£b 

foHfimuiig -for" ■fti 15 Cr 5£.■fit*' KftS-f fo 4f e ci^efe. Vs 

= -tt.0.28 &Vuflb 

aiecS. ’Hue hectt rejac.{e^ is 

C2u ( 


W\ 


- t^-u, -i$A 


Tlrvu-S, -HueywaA eAic lewtej i 5 

1, - t CiMi/m _ , 

A-'" “5^r s0 - 53 ' 1 

Tlte fvieftrt effec-f-Lv/e, ^r^jiu-rc. is 

„ Wc^dg, _ VMuie.ta/r^ 

V.'Vt. V, ([ - 


H. 


YViep 


- Qmf >v\ 
"'LT Cl - /O-, ^ 
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Problem 9-9 continued 


f\/a(l4.<S.flUg 4_T 


V. 


p, 


/ iSHS 

(297T7 

1 k»/e )cg30-gU 

Iff 4 1- 


CIH-T IWfiV*) 

1 ISI m*- ' 


- 13.35 *+ 3 /|i. 


Tktts 


vw cp 


_ O-feo.fcg -1M) BtWH 1 T?B fMlf 


l SKa. 


iTT??! = 31,-ts iu<,**jasir 


CI3.S5 -fr*/IW((- £) 

The -fbv restored! ptofs ay<t tfbftUK*^ U£ilij /T as foffoujr; 

/7 Code 


© 


r= 8 

pi = 14.7 // Ibf/in* 

T1 = 530 // °R 
T3 = 2000 // “R 

m = 1 // assume a unit mass of 1 lb. 

vl = v_TP(“Air.T1,p1) 

51 = s_TPf'Air.T1, pi) 
ul = u~T(*Air", T1) 

52 = Si 
v2 - vl It 

s2 = s TP("Air", T2, p2) 
v2 = v_TP("Air J, .T2.p2) 

U2 = U Tf’Air”, T2) 
v3 = v2 

u3 = u_T("Aif", T3) 
v3 = v_TP("Air",T3,p3) 

53 = s_TP("Aii J '. T3. p3) 
v4 = r * v3 

s4 = s3 

v4 = v TP("Air,T4,p4) 
s4 = s_TP(’'Air", T4. p4) 
u4 = u_T("Air", T4) 


Wcycle = Q23 - Q41 
Q23 = m * (u3 - u2) 

Q41 = m * (u4 - ul) 
eta = Wcycle / Q23 
VI = vl * m 
V2 = v2 ' m 

mep = Wcycle * (778 /1 44) / (VI • V2) 


IT Results for r = 8. T-. = 2000*R 

Tj=1191“R 
T< = 953.6“R 
p 2 = 264.2 Ibf/in. 1 
Ps= 443.8 Ibf/in* 
vl = 13.35 ft^b 
Q 23 /m = 160 Btu/lb 
Qdi/m = 73.73 Btu/lD 
WcycJe/rn - 80 29 Btu/ID 
r\ = 0.5393 
mep = 39.9 Ibf/in. 1 


plots: 




_ T 3 fR) _ T 3 CR) _ 

i. AJofe -fKocf- Jr cvaU^J^S s7r~p) durccfUj , f^u-s doe s no-f uj-ih'ic the. 

Sfi&cCcJ! (Stvt+ropiC fuwoUirHS T/^-CT) (*U p r CT) a-s iw TZMe. A-Z7.C. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



















PROBLEM D 


IcaiouJM ’ A cold (2Ohio cycle. has km.oc^n concCifions <*b -fhe. 

h&yt'ttniy\$ of (j>t\*pres$t'oy\. The m^Wfruu-M c-^e/e 4e*w pertx-hx^e varies 
ovev" <xii/cn rtinqe. and 'bheconnpfesiioy\ raFio •bakes on Specified vwiucj, 

Eltsin'- Plot Pk\tXM &-f efCicieyictj and m£A.n ef£c.c4we. pressure, versus 
7 V 1 £L)c i I'M u. kh cycle ftrviperWa^ 'focQA.cls Co repress /on rafto, 

SOiBMATIC £ C>[ VfXj DATA- »♦ Sc e. solution jx> froMertI q.l. 


Ft j J^lMS j pfSWfr IW0DF. I. '• Same a* In P-i . 4ls»j assume speckle. Kacfs, 

Aj/M'iSlS : First, determine. -the -be nye nature of- eetd* principal sievh. T t is 
3 >Me rt , a nd r a V, /v-l u specift'-eA . 

2 , ' Sssubrcpu G&mprV’-tsfon. * : (' t 'i / v t f V, 

Aiso l 4^r a peW-i'tuJctr &f T 3 

5jgp(g H y ftf - QS/v^ ) k t s - (" ir */v; ) fc V 3 

Tfu*s, ‘Of’ft - (fb j Cy C&ia be. determined ■from 7bi>fe Ai - 2 o (~ O.I~ll 
Tlte iU cvmclI efWa^ut^ }$ 


RmA. 


0- ^>3 _ 

W"l " 


c^ct^tO ; 


\vi tp - 


Wo^d« 1 W"*, 

•mTT^vTo 


^ CTm ,, ’ > ^ ’ ^[<v^vfc ) -'r,'0 

C-(XT 5 -tO -Ct h -t,\] 

Vi C I ~ '/r) 


P/otirng ■P&t" r *6>j8 t iO avktl t^<\*i»vvu*a c y clc -fevu^em-k^res ’ra.m*im* 
-fVorv-1 2-000 io Sooo°f2 ; J J 



Maximum tampertura - °R Maximum temperature - °R 

Ar’S jfrarn ti) o^om«j d’tp4^is Qyvbu Ctk p- <xm<A H0+* "Hj*- 

, Howevc^-Jiic. yvuZA^v e-f^UM-ivep/esst*-^ affected try- -f^mAflukiw-n! 

c*4«tk Ct>W w-sW<W UpU. Q 
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problem q.n 


KMomM v Art aiy-- SjawdR-rcl Otto cytte ka.t a. Icyvotvn compre-ssion rafi'o a>«f 
cl Specif- sfafe Cif bt£J iVt-mV^ 0 -f . Tile fiea.f 

A^o/r+iprv ■/W- ►v'Xcvi >*aw.ka c*^<JLc ■terv^t^'ift-Aw'ic <Jtre. jn^e»\- 

ElML- P-efcvM t Me caj +W hcxuf- re] c-C-fun*. , (bj -Hte. «<.+ wok^qc.) "Kjl Kerin* I 
ePficitv\c^ , a*ul(cl] +t«- iM.eo.w- tffttAwt pr«ju.re.. 

S_C HEMATtC- ^ &WE/J DATA - 


j- T 



1 % [ 

t air 1 

| 


o 

l-^-- -, 1 





WV=ig - 0. 0 ax leg 

rM6lME£ftlM(r i 5ge E*OJMpl& *f ,1, 

^MAUHSVSt F^*w +&i g wevv - 'SOS'V: ^ ~ an, k? l*Tj ^ -uv t n S%,G 

AfcOj WT a = 4(*0 k: • U 3 = TiS.o 2. kTfU-g ^ uv* - 14, WO - 
For VW c trrw^prvfs^ v (jx* 

^ = v; " (4r s ) Sii^o -T4.47 

TW, TV*3H.H K ,U t « W.77 VTlW,. SiW*\Wl^, W Uml e*pa,*nVc 

°V- H = ^ V<- 4 = ^ v <3 ^ (7,S) 29,40 =2.13,0 

, T u - 4 SS -.7 V. , U. H = 374,01 WTlWg . 

<Xv^» W^Ucvtcc *fw pr©££&s 2-~3 

CUz " ^(uy-uo = (0.001 | e *j>(72r.oi-(ftt.n)f e T/'k^-o.qios" 

Q-wt. , •ferr process 4 1 -1 

Q Hl - irrtCw 4 -u^ Z (o.oo?,{«^) ( 7 X 4 .oi -an,(*l 

sO.XXXT U7-*--- 

CbJ "T l'*- HeF wof\c ‘t& 

Wcy| t - Qi.>-Qh. * O.mfcS-0,77X7 -0,2&ZkJ^ _ 

Ct) tW«. 4V.«,x‘km.cA c-fticie»\u^ it 


<2qt 


W cue] < 


^ =0,s ^ ( ^ r/ 0 


v\ 


(d) "fe d.-tUww»vu.«- +Wv\*eau. e-HecVUio. gretHw^, -first 

u - TttSE..( IQs-kM tl 

/ ©<T 1-0 \ Li.: 


4tv*a.v, 

U.IV 


TUu.t 


(8£ kP<C) 


JlO 5 N/rtA* 




IWtf 


; 2.0bXU> 3 n 3 


vv\ep =•■ 


W t 


V t -v, 



C 0*7538 WX) 

to 5 M- >rt 

I 1 WP- 

^(|- \Mv t > 

(2.0(o ^)(1 ~ 

\ WT 

10* hIk*- 


- /H2.2. kPo-, 


nr)Cf> 
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PRO&L&M 9.tZ 


ICfKlOcOK) : A cold <LVT-S\xX.V\c(<lYd Oito cycle. Inas a. Icvioum Compression na+ifr 

&*\gL ^ specified? ~H® ©f +W> eKpanytoft p&usvs . pl^e 

irteat fejex.fLCA per u*vVt- w\ass of curijdUo ^iv/ev> . 

FlhJD '- D-e-fe/m iWeCd) -fUe nef uJtfrk. peranit' vw«ss ofa.iV*,ct>) Ike -fAervml 

<?£fic-ie-naj t a.^ ft) -the mea.^ effeefu/e. pnsesune.. 



^AftkVSlS : Usmg +he giVt" heaf <3»<, /in - u H - t4, . TKc^tj wi+k 

iu : <V AT A^.cX = O.J7Z fi-Kt/ifa--frorvi Tobf« A-iO£ 

t, - r H - Jhi- - (ooo - - Soo'X 

1 r*. Cr- O.iTX N 

Fi?r Fhc is ei,\Wop\c- CO repress ton. Ti l T, = (y, /Vj')* 1 ' 1 Therefor*. 

T z = (lV t,w (Soo) ^(2.04.1 “R, 


-for -fke /sen+r-cpi-c ejcp&HStov- 

■ (%)*k -aio*.a.R 

The. v\ef work. perunxt vw&.%$ trf air is 

' C ^ = =^Vr,)-^ =m.H0Wlfc. 


lb) Tho 'fUcir»v\*.l "us 

WajcU/m Wc^tie/wv 

\ = - ~ 


null 


Wcgcte/lv ' 


Qfi l Cirt T10T.ll 

(t) The rvitan effecfvua pr«rssu.r-e it <JTv«w 

Wtcp * Wc M cW: - - _ Wc n^ e 

V,-V z v;(i_Vr/v,> 

{sv/atuatiUg Ike specific tfolurvu, (v t - ir H ') 


=0. S«S-(s«.S#„ 


VT 


"UT, 


tWs 

VMCp 



1 |H4 im*- 

(iii.il evu/iiO | ift 1 

71B fMUf | 

*V V) ( 1- '/cf) ll4M in 2 

l &kA 1 


IWlk 1 


yviep 
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'PfcOfcLEM 


Aa O+h? Ujtl< is vm o<^i4 \ by r&p\acCv^0 +W. 

LS£VVtropvc &*< eu^Jl tfcpemes iVia, [aroc«£S-S uAHk. pobj- 

tyiOjpvc jjfCJces^ts U^vi"^ vv-u 3. lW coiv^tcesio^v 'TttKo J £Wt Cet 
+Wsl cm^pwaffAj a^cL tW. wulv i t^uLvw ejutk ^hcvup- 

e/tiWe, Me ciU k^ory\ 4 



A^j AUVS ifivr^ eixtk {V* p^wtA pp-l ^ h*^.+® S . OuU"fr^'T 4 - ^00k^ 

WM-U U} ~ 3U+0? kOftsj, uitVj Ep 3 ^ -fv pel^trAja,'^ 

Co vwlaj S ^ i' iM 

*- *-' _ n 0.B 

-t^-t;! 'v'l = C 3 * 6 c')| *ij * sfio k . lu,^^T*-itL* a-i-Lj Uj - <f-i‘f.srt^t 9 . 

AljO y Sl**C€ T^ -S- 10 { 30 C ; H-j 5 . I^r- +^ p-'^*^ c Jj>v, 

T+- tolr < > ft ' cl u 4- W*r*^'ej. 


(&} CowifrJj»-r -utt tofss 4s-# ^ uj'"^ l~Z t , (#^-'-hs.7.y^L 

Hi a f>^ = RCTl-t,) = * 3 /*‘KKg»- *>" >*. -iW.ltq/** 

Vvt. J I v i-vv {. 1- <‘V _? 

A<« b*.l&*.t*. “jpu-»o 

®i - - C+rt i'f- ®>rt-o?; - z-<.t-H - - t2 4i 

Vv* ^ 

P^Hocjfi 1“3‘ ^1/3 * Q ***** * 

<5^ -_ Cu 3 -4i) , (l <-?«■?-4^ ^) 4 (13^-17 ie3fi<^ 

Pa*w*£ 1-*: 3’S? 

i^j-u _ /„d,„ i rr+-T, ) , ft-3 *AawjQoir-■»■» **? - *i»s.i«*j/^ 

"T? ' J* ^ l "“ i ~<£-U 

®»V«/ju ^ w »*/^ 5 (w*.*f-‘tWTj-»‘»*M» ? , - w -S* 

P^vowtS 'f-f: VNi ' o &t»4 ^v. -O^-A+vJw^l c^’i>-*-j ^ 

0 - u,-u^ - 2J4 o7- 7<?4 P^icj -* 

Vv*t 


Continued on next slide 
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Problem 9-13 continued 


Wc^ t^KSL 


VJjH _ =. fcSV.l 

Vkh. 

n*. 


Qk» » 

<bl? + 

Wl 

^ r«l. IJ- -+■ 53 **= \Z92.UKZtkJ 

TU*-* 

[pST,Z 

- oSoj- C^.7% 1 ) 



ttatn; w * >l * %£* Ln 

V|- >r t 





fcT, , /?SW 

ft ‘ ^^3i. 


^ ‘ 
•*5' 




***“ t*t***- 


o.Kt *^!<j 






O-fc'-S^D * *3 


io 1m - 1 " 1 I 
t t*3 I 


lb*r I 


g-S*. 



J- (w a»^ e^ok Gj c ^dLi a- K^JC^tJU ■ ->.* ■K’v-'-r ^ u 'c^clf/'i* l - 14T, Lf=o//cj 

Q^ck _ . 4 ll.rt.ir + ' -S"^V. - fc^'2- k3/*25 

ic 

ly Ui 1 C-ts /inW Cr ^ ■ftSii A«J0^ u * to fvM ut d ^ p Pr ■(- £ A ) . 
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P0OSL6M *}. |4 


K\IQW^ •• Tkfc bore, sVtoWc, cliieorAMte VoUxwe., cmxA Speei e>F cra^sk^t 
Y"oFa.T\.{rA. ©F (X Htw r -vbroUfc J (ouJr-'M4li 1 iA<li'tr ik+ffmij £U u S tlcrvV 
e^ute ctv'c. ltw^>u)H. TW yro««es uuFUiv* H*. Cwlers uve 
wuxidtiA by o.w. o^to o-jdt uu vFW <x V.im>uj*\ Settle. aJr +W. 
be^UAri ©f Com|)Oc.IiiOv^ VTn-A.xiV\u.w\ Circle Fe*<.p«-V7Vt'U«Z. 

FlW£: DtWmirtt tU*. wet imoH- ©ertyc-l^. omJI +U.C odujcv" d« vetoed 

4W ev\^iV\e. 

SCMEKAcTVC 4 frWEJJ DA-tA : 

ZUOO^ 


r-; 




( air 1 


o 




T¥X\!^ 


- 2*S5 VK, 

s+reke -X*to m* 

-o.ru/, 

E^GiMgg/ei Ais- (M12EU ’• Rsr-^alr-sbwtiu^ 

cAb cycle. MsdsA > see Exa*^)e <ju. 

Ana-LYMS -. Us {*3 4W 5 'wt A AloV. 



V, -V,. = ^.(^ 1 % (sw w1 . itt> I 

4 V 1 4 TxM^l 


Wi 


= £>. 006,207 


^ - p ' v ’ 

W\ - s. 

(iH.lo O.OOIOSZ ^.3) 

ii\* 



l u 7 - 


* O.OOOW f4> 


flxe*-cU of Uml pruAC^pcU t>'redt« of Ha oadU. F«>yv\ TaW-e. A- ZZE, 
CL+ T\- $ljO ®K *. u - qcr KT RWl/cU «i>- ^ rn.lO ’ 


U t -ftS.H7 &Wlb ,v n =. I3M&. 

TWi, £-o' ■fWt cit.^2-ropic. tmfrtsi ioi^, 

^ V A = (0-t2) 131.18 

Tk«t, u/c -?*+ «7. - ITt.Hft 6-h*/«>. M Tj - 52.00*72 j u 5 - IOlfi.0 BWlk 

■\JV 3 - 0.l®l-8, for VW UtvMrofl <.((, pc^VnA UP^ 


tJV H ' 




v^i 


f.S’ti 


Uii^g +*«’*/ we ge-f - S34,(p^'Eki>-//S . 
TW. ujirrlc. pe*r iS 


vJ 


Ojt.lt d-4i ” ^ [(U3 — LC■*.^ — Cu^-U,)]] 

-wn 6^ 


w 


<McH 


For *. 4 wjjt- sFcoVx. evs^wtj AWn. tcujj^Ys cccw^plftFe*! ©nte. Hr ev*ry +ujo 
Ye^oluVCoAs of- ovoWcsUMb. For f©u/r tyW'HlerSj iLtpou^o*- is 
^ C (ftoocyc^^V £>a,7 , U y^S^p „_VU 


a~7 ^ 
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TfcogLefA <3 j5“ 

rE?r A„ 3 +**4*r*i Orhi eye (p, + ^c s 4 *^ c *+ -f** a £ 

Co s s t ov( a««l c^clc* +e **■ p* **a -fo c*/ < fc-*%oi*m, 

Plo+ f* 4 -*- »ML^ uwortc pGf" V ***■+ #i M^nf / J ^ f t\ m r «** *-4 * A A ' 4-« ^*"7 j 

£*.«** <|f#chVt JUj^SuXS. Vfr /uj Co** £ S r rvi, /"*% fVfl e^rtj fr c 

2, 4s> 14 

seMTM^rie ^c/t/rAj t>/)74 


gK]6UJ£ERiMG MOfiEL t SeeE^&^k *?<U 



-t ^ ^ v^eLS Of p f j t i r ^ ou^JL T h . 

Z. Fiy 5-fedc 2 usti^ jd«£xi j&r pelnhov-s o^J. SCt,,p ) = u>i\e.«. u-tiu^ 

Thiele A - 22 , -Ha'r ii Cap retied i n -fa-wts of v r , / W x = V; /V"* . 

3 . 6 W "Vi.* id*cd n*vcLe( i-o . 

4. f>x s-We. 4 a£ i* s+ep 2 - u5€ scr.^pj j = $ct 9j f+ ) ; ov xr r4 /v r3 - v^, 
aJowj ,((.s energy b^Ja-nc^ (^*^*1 -Hu! f<u^ H^d W l3 =-W 4l =o 


^ t-U j-Ut) 

Co 

<2.*, ^ v^Cm.-u-o 


FlArtta^ 'TOr* *k* ccytjJjt 


~ ^«/vw +Q^i/rtv 

OJ 


C.4J 

fitutL i y. »a . tKe .-. _ w t^, 

1 f*» J ' 

C5J 


^Lr>vpja CZilLiiiad3 t £& : \ r = S ] From Tfcfefe 4-22 ,af j (ia^ Tjs loot; 
U l » 214 . 0*7 ky/k^j -vv t -^ 21 . 2 ., TUw£ 

^ *">. - (rW = (s)Cfcw.2) s 124,2.4 =*>[ J 3 544,&K 


408.OK 


Mow, T^LoOoK -^U,= Ifr78.-? kT/fc- , ^ - 2.7*1 fc. fluis WsWe4 
^4 v« v; J * 

4^7' ^?J - S =£> 7^4 8 13.a* ^ 7 s 12K..31 K, U 4 s 147.82 kT/J^. 

T1*jW 5, U>(ti\ C.0 — £s} 

^c^JU.[m * C-^j-UO t(U,-U 4 1 s ( ife1tf.7-4°8.0')+( 214.07-4-4x62 ) 


GmJv 


* 1270.7-133.75- = 536,,ts LT(L^^- 

1* -^rf -- ».«» (n.iir.)*- 


^«,de.[ *K 


n. 


FltAa -S v *®rr ^C3 ook) 

l \>ar | 

1 

* 0 

|D^ H}** 7 - \ 

i Ky 1 


S>k4S UT/lj |,oV«M- 

VV ' er ' CO.061 ^IkjHi-^1 IkT llTo^Jj^ 


,o'^n iV«r 1-7.145 Uw^. 


w>e» 


Continued on next slide 
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Problem 9-15 continued 


>T Solvi -k, IiVk. . 7U_s. d.K.lv, lor -Hut- p/ofs GLt£ U&iLi^ /T &.S 


IT Code 


pi = 1 //bar 
T1 =300 // K 
r = 5 

T3 = 2000 //K 

m = 1 // Assume a unit mass of 1 kg, 

vl = v.TPCAirjl, pi) 
si “s_TPrAir.il, pi) 
ul = u_T("Air.T1) 
v2 = vl / r 

v2 = v_TP( h Ar,T2,p2) 
s2 = sJPCAir", T2, p2) 
s2 = sT 

u2 = q_irAir t T2) 
v3 = v_TP("Aif'\T3> p3) 
v3 - v2 

u3 = u_TCAir t T3) 

53 = S^TPCAir. T3. p3) 
v4 = vl 

v4 “ v_TPCAir\T4. p4) 

54 = S_TPCAir\ T4. p4) 
s4 = S3 

u4 = u.TC'Air, T4) 

Plots: 



r 



Q23 = m * (u3 - u2) 

Q41 = m * (ul - u4) 

Wcycle = Q23 + Q41 
eta = Wcycle / Q23 

mep = (Wcycle / (m ' vl * (1 - 1/r))) /100 // bar 


IT Results for r = 5 

T 2 = 564.6 K 
T 4 = 1215 K 
p^ = 33.33 bar 
vl =0,861 mVkg 
Cb/m = 1269 kJ/kg 
CWm = -732.3 kJ/kg 
W cyete /m = 536.3 kJ/kg 
0.4227 

mep = 7,787 bar 
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?ZObL6M 


I^jj£-U2i2 ■ A A Cl uv - Otto Circle Icholajv* CA^/fi/n^s at ti-g 

of c«M^fifssio)\. Tkt rtoi^y,iviwAi cuc/e fei^ena.p<x^ vanci ov&r a. gtke*i 
r<xnge -Hml congress io^ raJ-La ~fa-k.cs 0"H spec if-led vcdues. 

F}fJ*& ’. 1 •Wfij'tag<xfe. "HiC- tUect of 1 Y'rt.OjxuviurtA ouole yuper aK x,re. l*y^ 

work, per uAi't w\ass of a,ir. 

ScHeMA-HC j£ 61UCAJ P4>TA ' 

\-3 

Y \ lOoo <£. t. < 2 iOolc, 


gJJfitUECPI k)<?- iv'npfi-L : S«c- 

I *<t.Y" £K«,tvjil« Q . I . 

5 K 

, -V 

AWAlVSlS.'. 5n.i^ple a*.fea faKo -vt -fgr~ r- 8 . r.,- fOQolc t/s'mj 7?i&k» A-?2 

Frorh TaUe A-2.2. ^ u, - 210.4^ , V,. * ^47.^ . For •H'e coa^a^sioa process 

V rt = (§:) v> t = (£}(fc47.‘rt s 80.V i =t> Tj_’ tis2.14 K,u t = 483.15 kcrtfcj 
Ts a looo \c• a^='?se.44 kJ^lcg ,V 0 a AS.H . For ~Hul expand 
^ C^XW-'^V 201.30 U^.= 334.?o 



Sww. \W„- W 1( ;o • - («.,‘U 4 ). For 4^ 

Wexjcle ~ Qu^t&i. . YUju» 


1 -U 4 ) ^ (75&.^4 - 48 3.is} tCz.iO.'H -3 34.50} 
- 144.76 ICT/k^ 


M - C F( U. 


ITC ode 
pi = 1 //bar 
T1 = 295 // K 
T3 = 1000 UK 
r = 8 

vl = v_TPfAtrj1, pi) 
si = S_TP( 1, Aii J, 1 T1 P pi) 
ul = u_T("Air t T1) 
v2 = vT7r 

v2 = v_TPrAirj2 l p2) 
s2 = s_TP{ 'Air' t , T2, p2) 
s2 — si 

u2 = u_T("Air, 12) 
v3 = vJTPCAif'.TZ, p3) 

53 = s.TPC'Air, T3, p3) 
u3 = uJT{"Air. T3) 

v3 = v2 
v4 = vl 

v4 = v_TPfAir T I4 f p4) 

54 * sJTPCAr, T4, p4) 
s4 = s3 

U4 = u < _T(”AJi J ', 1 4) 
Wcyde = (u3 - u2) + (ul - 



T, (K) 

to«. Sec fUa p| o4 4'tact tta. K£+ kJovk 

m<wyA^r unfu t 3 a+ cc^YircssiVx 

r ^H V M £ o y 4W ^ L p+s G^ok \b ov^ 

4^2- r^lo4-t^v^ Q-f Wc6»dLe. -Jo \r 

dz. peKxUV-j T 3 , 


IT Results for r = 8 

and T3 = 1000K 

Ui =210.4 kJ/kg 
I 2 = 662.8 K 
y 2 = 483 kJ/kg 
U 3 = 758.6 kJ/kg 
Td = 468.6 K 
U 4 = 336.2 kJ/kg 
W^ !e /m= 149.8 kJ/kg 
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Peo&l£M ^'17 

An &\f-■shavida.fd Lenoirtyde. huz a. knoum $Me of- -\Ue beaitvum o£fUz. 
Certekint velum# U&zf add/hcw &nd a knoton 'mdKt'mtim icmpetn-kA,m : Th#. rnuss 



P* WtM- 24^(0- 3 |k 

C^-o.m £* a /#<» 
— H 7 


Aj~ 


rs y\ve*\ . i / . • 

£Vvd: (4)iUcyici xxs>r‘*.;A*\d 0>) -Hi c H^rtna-Le(pictenoy 

SctgMMic i Gwm vAtA : y v 2 

gAJ£<ftfPEgfM<V- Mt?)>£2. : <U Tkee^cle is 
nvdc.lfe<£ 05 pYT7C«SSes i« <1 cI&4&A tyC^evn • 
t;t) ~Tk.e.e*pah5i"cm precr-st is isewtf opi’c. 

C3jlV»« a.Vv Is vnwteie^ <*s avt wlepU^tes 
wHUc/7nsf«w.f specific Ivm.'te; ^=t>.lT/ Ww/M? 

4,\c4 C-ef 0,14 &/t*/lk-‘V2. (4J Kmefic 

pofcMn'ctl energy effect cure _ 

AfJALMS\S : OJ To 4u*i “Hi* nef «5tjrU-, yiof<; -Mutf- 

^ctjde =<S «a +( ^, 

w w O 

Cor (precojrs l-'Zl vrj (it-U^*= (Q 

ft. 2. S * W1 C,r £T,,-T, > 

*(+.Z 4 xilT* lW)Co,UI ~^, e y i t)DO - 540)°e 
=: &, 7 b 85 Wu, 

fbir process T--3: T 3 = MW elf* • f^fWT.^p, MS.sfe 
aA ^ T 5 rClfeOO-^Xl4.7/43 .5 23S7 =■ 1173.1 
For Crccc-H 3-1 i w(.U,-lA^ = Q 3( -W^, 

t Wj,- vm * w»p (v; -lt} 

3 * 

<$ 3v a Vvau i -^'>+vvYpC\r-\j; i > ) =, vwCpCT t -TO 

=(^. 24 * 10 ' 3 )fD.24^540 - 1 n3.0 a -0.6442 ftk«- 

- Q IX +Q, V ■= ©.7 68 s *(-0.6442) =CUZ43 &+U... _ 

CM TV-e 4 W£Vma t etficiewuj is 


=, ibQk ,£ -»43 . aSM |,i(u, X 7.V 

V. ^\-z_ D* T fe 3 


H, 
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FfcogLeM q./s 

1cm pjtfM : ^ir - £ A+kfrtso^ r^c'6 ro*\ /v^'o 

-for ifen+rvptz. cow|t^pfji owi a^d o_ ^ S i-+*t& b-p^virt^’n^ 

03 S li 1 M^I - Tki kf a dcCk fi 0*V J>< r C -f U */f 0 (C jaIo lMH . 

P^kJQ t (A) Slct-fck -t-tvp <*yc/e pn T-S C*prd4 h rtiffJ , t>«’**-r*^i'W Cb) 4 Ke wf tx/or*^ 



U" 

g *J*j^eae j^^ fti &EEX.; 5et ^ACL^pJe^.l^exctpf 4ke ^ is vscrt 1 

cxAiafc&hc buf Y’ct+h-ev" s^is ^ Qms4tiu^pf^5 Uf( q 1+ 

A^LYfir . fTsr p*H ^ - B+- p*rf* Ck)~Cdi)j f 

+U-i ^-pat fUMIA< tt*-W uriVj Txb/f 4-21. ^ 

3Uie t : fts ^otfe^TjaSasK ^ U, = 2^-07 U^r/tg , tr r( = <?2U 2. ? P 0 =1. 3&bO 

51 atet \ For iSea^ropU c&rnprzss'ton 


Xr^ * 1c 


v t — = bU.Z-l^^lS.CST- 

TkiSj r *.= fcSS.2K , u. a = 6-o^.ot g , p ra .= 27.03? 

ft- 


<x “‘ l P* - r, j£ ■(<!>• kP ‘>(rff^) c H:r0 - 3 uv - 

3-fu.fe 3 The spacr'fic /n-Zervus./ ei^e^tj u 3 found usmj energy 
balance for fpmcett Z-3 

^£^3'^) * Qi* ~*c 
u 3~ %T +w 3. - (l * 00 ^S* 5 ' 016 ’ - l^03.Ot l %3 
TWij T 3 = 2.231.3 K , Pfj = 3342.* 

^ P 3 * P*(%) - I1».* ) * t3M W, 

Sfaie-. Rsr fUe L^eu-fropLc e^paiASffm 

Pr, = ft-, (-£) “ fi-j (^) " SZ.8S3 
TluiU, T v =*5^/ JC j fot, “ SVS. IV I^T/jLg 
(a.) To fikc( -/4vs -ne-f (porU. per a«-i+ rvtass ^ nole 4UnA WtycJc - <3ty c i tJ So 
WtXjfcja _ & 3-3 Q. hi _ Q 2.3 f r 1 v 

yvi - vn “ T^“ " ~v^T - 1 n ‘*“ W| ) 


V^ rv' 

= IHOO - (SVJ.ft/ - 3O0.M ) 
= 6 55,/ ^/^3 -- 


Wc^iJe/y 


Vlfl 
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Problem 9-18 continued 

(b} TUe +Vi«.rrvv3<.l e£{-iciev\c*j is 

W<u;j«.U/ m 055,1 

\ “75-y-= -- = O.bU (Cl.r/c) 

^ Gii* /Trr\ Hoq ^ > 




n 


tP) The overall M.Upl^cemev.’t -uoUjL»M.e is V s -v 2 = t u* H ~ UV) 50 4-Ue 

mnmn eWecfwe pressure If ^ 

Yviep - Wc ^ dfc a w “a‘ le /v^ s 

V H -Vi C l - vrvu-^ 


u;, 


RT m 

“ <"> * 1 

/ 0.314 k3- ^ 

Vz-S.47 Kv*- / ( 8 2.1 VC] 

1 Itfii. | 

3 , 

to KZ-'Ai 


(4oo Ut*oJ) 

io a U/™ 11 

1 UJ 


- Z.3Sfc 

Wou.^ -Hte Specific 'irolu.M.e. vatio u~ t / tr y is 

^ ^ - 1 ^ ^ Ii /1L V 

^ ‘ ^ ' VS.5/1 


"^7 -v-| XAf 


Thus 


vne.o 


y ~i 
L ?rP H 

(SSS.( kT/tg ) 


3oo 
6 21 




0424? 


C2.2>Sfc l-. 04 ^^ 

= 379.2 LP^__ 


I lO AJ-»vi 

\ WPcv 

| 1 WT 

I0 S Ni^v,’ 


rMfii 


ar fc CU ^ ar ^“ vwso,v °^ de +U« pnWe** tas weaviij Sant 
W^ - l Vft^f***** '*2- a^4or+Ue Ottoc^cU ;* fV-obkli9.t. 
However, +Ue tseMropu. cxp^sum (process 3-4) ht^s a y^lcU. higher 
'uoVame. -Hva* W+kC-tb code . TW'u U UlasWect +Ae 

*toUou>ivi^ pireuur-a. •• volutv\«. cUagroL^A : 

3 ^-«| 



£■ ^ulj-s -Ha o-l +t».e. u>orlc a\«i fUevirvicJ eft-fa evicu tucrea<e 

K>r +UC. 4+lawso* Ccjcle ; aj evidenced by fUe. larger ewclosgU arac^. 
Fur-Hier, -fUe. vnea,n eWkcfCve prepare. a ec. reaces. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





































?Rb&Lm *?./<? 


KAJOuMJ: Air uMdtrqoeS a. Cold «ir*- sbwdard AttUtitson cycle. . 

FlAJD - Derive, cm expression -for +tierm«l efficiency a.nd compare wr-Hi 

■Hie Cold a.ir-s-h.nd4,rd Otto eye /e . 

SCbfeM.VTiC & fri V&hi DA*rt : p 


r*—'-1 

I 

air ‘ 



EU&lM££glNfr 

moduli See Exam pie «?.(. Aiso, 
assume cr»i5fitM.£ s/accific Uenh. 

MALiSiS . To -find -Hie n-ef work, no/e = Q^.^. Tkuj 

Wwcie _ f __ T . c C-r ~r ^ 

' "m " ^ = C «°» V Cnr H-T,> 

-Hie -Hjecmal efficiency Is 

M * ' *«'*• 1* 1 _ ,_ t kT, (T*/r.-il 

<2„/m c„(t 3 -Ti) T 1 (t 3 / Ti -.'> 


Process 1-2- H isen+ropic •TUus T»/ T( =(V^ k ”' s r 
fHXr+V\e.r , 4or proce^i 2.-3 


w-i 


la 

Tt. 


JL _ 

p^ - 


Av\«l tor" (orocess 4-i •• 3i - - Si . Si - Ug j_ 

* T, " -tr 3 ^ ^ ‘ r 

NouJ j 4or -H^e isen-Vrop'ic compress ion : f 

* * < r q 

(Vntljtor -Hue Lsen+r»ptc e*f»***»Vm • J. a. (L* ) 

V 3 VPqJ 

Nouj, oovnbinmg 1( S)^ <\v\.<f 60 

T, *(£)W - &f- < 

Rnallyj inserting -fhe V¥iu/+S of t^-) } C3) i <Lnd (~t) info O) 

Vi - i_ k C^-O 

^ 1 r“-< ( V ,^_ 


0) 

(*) 

O) 

w 

C5) 

CO 

Cl) 

Vl 


f0 Compare -H\e ftierwial efficiency e-f 4-We M-LiWc-a anJ ©tfc> 
ccjdes } Vecatf -ftwt-f- 


>1 


Ott° 


- ( ' 


k-1 


A/ofe -ftucf -fhe fitermaf efficiency op -fAe Offo Cyt/e dc^pencts on. r* 
avuf fc, loaf Hof on -Me m^K/Vnuw cycle fe-m pe-rv.’hAs?. (nor +he. 


Continued on next slide 
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Problem 9-19 continued 


ssure mc+io,rp.^ Tl^ -tallowma <ir<xpU <lo-y\ be. tc 3 <ut -jo compter*;. 

A^e cycles fur+^er; y r 



5 /£> /5 2© 

co ss fe>« ra+lo - y- 

TKu^ <xf any cofwpnsss ioia. ra-tic t 4"l\£ AHcaiasov\ cycle ^fi.s a higher- ■f^erma/ 
evticiettctj, +Uan +Ue corresponding Otto Cycle. Also as +Ue presiuure 
ra-Ho increases (it -tlxed Corv\pcession, rA+lo Or ^ Abe -thermo. I 
eW-ictevvcxj iw creases as well. 
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PR06UM <\.l*0 


> A*\ ai**-sDiesel c^c/e has & specified state at-ft* 

b<^m*ijwo of CO'v\/J/*«jStOk\ o.m.«C a. .trxou^o prysyu-^e 
■/Cvu^K-afur^ af +Ue enM of /tc<cf addition. 

6 MIL- Determine, (a )-fUz compression rat Co ) iUe cut off ratio ; (cj tUe 

-thermal efficiency ciud (d) fUe. mecLn effecfCve ^resi<~c^e 

SCtieMMC i Gu/£AJ : p ^ P t =pj s. 7.1 MPo. = 11P0 kF <k 




gMfeiWgg/glulfi. MOrei ; See Example 9 . 2 . 

A^Ar{/V5/S '■ Begirt by f ixi ng e&cU principal 6fa.le m +U« o^cl« C Table A- 22). 

Viatel- T, »3oofc, ^ = ?5 tPtf. =«> a, - 21 H .07 kJ/(^ , t/j.,* mj j> n =y.38io 
. Sfafe.2- : For fU.« jyen tropic. compression. 

Pr** Pr, (^) = 0«38fcOy(-^^-) = foS.OH 

tWs, t z = <hUK ,ir rt =2(,.iq2 , u x - (023.?ak7^ 

5 f&fe 3 : 7 ^= 2 <S 0 K, /»3 = 7200 fcA*. =$> J Vj = 2 W 0.3 UTfl^ ,uj » 2 .n!T 

Stale. H: For flie j&CM+ropic. £« pans (on 


3 . - Uj. TJV _ v; Tj. 


v» 


v, 


Ub 

-OV- 


v r = ^ . iT r = aa/Wt => r =(011 1C , u = 78S.7T kT/Lj 


*. *3 ^ T 3 


2on<vs* atso 


- (0,S(o 


(A) TKc compression r«.-V’io is 
y- r. — 1 - Hh - Ci>7-1.2- _ 


V, 


T_ Vr*. 


2 W<\ 


<bj Tbe cutoff r<L+lo is 
v- - v, _ Tj 2 1 So 

v*. “ TV qi^.c 
(cl Tke. -H\trrviA.I efficiency Lr 

^cytAc fm ~C-W-M” 




A 


(aw.'s-tovi.gaO - (7gs.7g-a.H.t>i) 
C.akuo.'i — (oYx.fcty 

$kS\9o 


14 n, 


-0.y«n 


h. 
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Problem 9-20 continued 

(d) *Tta yviejxiA pQf-e.Ci tvv/e pvvsju.v-c is QWfciA c«_s 

Wcnjcl-c V/c^cte. fvv\ 


yvie'p - 


EwUuA-t iWj tt. 


A A. 


„ JUl 

'* ?> 


[ 8.11H. J£Z.\ 
(i8,?7 k^-Kj 


(300 k) 


TVuxs 


YV\«.p - 


(9 5 UP*) 

= 0.90 fe3 rvaVtg 

(S 4 S .20 fcx/l^ 


UP* 


f0 3 A//m' 




(o J W ■ wi 


UT 


l o 3 KJ • ™ 

1 UP* 1 

1 kT 

10 1 tJ / J 


* 91? LP^, 


yvi&p> 
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PRoeiEM 9 .21 


KNDLOfJ : Art air-standard D/*5«| cycle has a. Specified ohxie. -tUa 

of Co ivtr/rC.Ji i'o ttwzt ft lwi©ft>n urevrure. arW fern pa.ra.fvcre at -/fie 

find of heat addition. 

Determine (a) +ke corHpnrsj/brt ratio ,(Aj the cutoff ratio ,(c) -fine 
effibiertaj ; ftru((dj the j*iea.*t effective pressure. ’ 


vt^ress 

finrf of-heat addition, 

P/MD: 

SOt£tf* Tlc £ <rl l/CAJ Bata : 


f—.—; 

— 

"F- 

i at r J 


o 

L,—- ; 





EtNgHOeggxMG- 

MopfcL ? -Se* £xA/v>p/e <?. 2. 

,4-/JO, assurvie Cots#tt*.t specific, 
heeds €vatu.«ted at 3ook, 

AymVSIS '. PiWr,detfcrmiAe tAe teAipertiWe at pnticipa/ s-fete of He. 

Ctjcje ■ f, - -300 te'j Tj a ?.i$o fc cure Q \ rcv\. 

■5fa4e Z '• for -the. iien+ropic Compression, latff, k. -i. 9 from Taflc A-2C 

Ti= -(on.i* 

- State, 9 ; 5(i4i i lar(y ^ for~ the. expci* no-ft, 

"UL i r. / T_ \ k-i 




AHdt. 


T u = 


a..a =/ , ji)' < '‘. s =io.si 

v *. L r, / T, 

“ (?|)% = * 


^ r 

(A) The compression ratio ts : K = = (f^) =• 3T.0[ 

OJ TAe. Cufo# m-fiow •• r c s 1j& s 2ji =. -2.091 ^_ 

f x= 

CO TA< thermal efficiency is 

W^cle/m _ <yCT 3 -TJ- e tf (T v -T,) 


n- 


wrvi* c 




<T cr 3 -T-) 


- *9 iS k-T/kij -k = /.ooy Icj/tg-K; ^Voni /aW«,A-2o 

0.oor)(2l?O - (033.O -C7iis)( 817.0- 30o ) 'Uh.S 
>1 a -- 


(J.oosXziso-toyM) 

O.feSl (ts.1%) 


llZl.S" 


(ct) The. mean effect tve pressure ^trends 

yr.ep , '± 1 ^ _ - 

VA Tr,(i--u t /vrA 

E-valccccttuG or 

ff T ( sjp -fcL- \, 

<j- ISRftEF* ].( 

* p ' O-s tW 

= Vv,3/t^ 


300 k\ 


1 left. | 

1 io 3 tJ<*>l 

yO^AJ/w 2 - ‘ 

1 IkT 1 
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Problem 9-21 continued 


Thus 

"Wiep 



f & Kl' rtl 

1 kffc. 

C0.W&3-.Vk,\(l- 

1 kj 

10* Him* 




r^ep 


T^ese results can be. compared 4o -those of- Problem I.ZOio see. 
Some eHecH of -Hie astumpHo* ef Corustan-t ;SjpecrfYc heeds. 
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PEDBLBM %-zz 


WLMOuom ■■ Pm avr-sVa-vxc^av-^ Pies*. I txjcle \n«cs o- coA\fX"csstew 

radio Ouvkd. fc spfcci-f v€.<<. 3+-cute- o.\ -VW. V>c.3Cv\a\v»q of coimpretilOA.. 
TUc. fv\u,»vi Circle +e.vu^a-r*vHAjre_ u giV-*vk. r 

JetermmeUj +We we/d ujovU.^ 0") dUermft.l e^ticlewaj > 

(c) -fU*. w\eai\ tff cc-fw-e press ujr«., avid £d) -Hte eu+oPf ra.fi©. 

SCHEMATIC. ^ C.II/EA) t>ATA- 

— f 


FlKJD- 


air 


Tj '*<0oc 



v./v^^n 

T, z S2C°& 
I V,*2.ft 3 


E*J6tiJ££glN6- MODEL i See &ca*v^le 9.2. 

8/VAlVSlS : Pe^\A by ivxiWj e«.cU pr\dcipc^ sfede of te* cycle. CTeWe A- 22E). 
State l •■ T,=-52 oor. u, » 68.62. 0*u/lb , U- r| -- |S8.3S 

Stated ■ Tor Wa. isotropic corvcpreSsioA, 


■Ur a . = ^jvv i = 15 8.5 8 =-9.3282. 

• IS39.5 * 3T8.3Z Bte/lW 

State3 •■ t 3 = HOOo*R, U 3 - lo88.3 Bte/lk , U> a s .4518 
State 4- - For +k«. isewtaopic erpav-s uta. 


rW, t^' 


= A - ¥3= * V i T: 

Vi % % Vi'T 




OTJ 


15 34.5 
Hovo 


fc. 5 27. 


avJ. 


■vJV H - -f ite, S 2.9H<te 


TW, T 4 »2ZS3,T *r j U-4 = H2.I.25 0-W16 
(M for -tea. Cytte , - Q-c^U*- T ^- A ^ s 


W, 


Evaluate *15 w 


tie - 


- Q 


4\ 


- Wi 




W\ 


p.v, 


64.0 lU/mMU 1 

1 LM4 m* 1 

( is-45 \\pt) 

|(520°R.} 1 

l i i 


=■ 0,1 45H \\> 


lUs 


VJc^ole =(.\H5M ta) [Q 0 &&. 5 - 3T8.3r)-(M»».t5- 88^1 ^ 

= 59.61 BHv. ^_ 

(k) TUe +Uer«v\A,l efficiency vs 


W{tn.l« 


w 




V\ - - 

0.13 ^CVij-U^ 

- (si-81 ew- > 


(.1454 16) (1008.3-Tl8.il}BV Ik 


0.53 1 (53.1 Vo) 


w. 
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Problem 9-22 continued 


<£') tIml The«.v\ e^tcfwe ^o&ciure is 




w 




(y t - >M Vj Cl-Vt/v,} 


C 5*1.61 

116 

>4+ l 

(f ft*) Cl- ‘/j n ) 1 

\ 6Ka 

194 


=• 151.S ikl/m?* 


Cdl The Cuf of-f raUbV aj -follows: 

'A _. Xi - ^ oe ° 


r c * 


Tx I 53 H -5 


= 2'<ot. 


Vr>£^> 
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■ppotrLEK S-Z3 

kKiouj M A cold, a.vV-s^o.wc(«.vA Diesel LAjtAe V\a.s a. Icplck/j*\ corvpresjiovr. 

faHo (kmJl a. sp«ci 4-itA s4a(e aA Ha bcgmmmg of cor^fre su'o*.. 
Tke. M^vtmvicrtA ojtle fevsyjera+u/re. U gw«*\.. 

F (top *. D^fmVwt O) +W w-cV vajoA. ,0») +W. H».Viv\«A t^ctAtu, 

(c.\ Ha Wveaw effetl-we a*d +be cu.+off ri-tuo. 

schematic. ^ frww DA*V - 


aur 

JT - - J 



°°°% v,/v T *n 

P, ^ 14.0 lUJiis* 

t\- szo^r 
f V.-iVr 3 

i 


e*J6iM£e-HMCr MOpg^LJ £ee&w*pU.<it.2. 

Mso assume ccrasHat spacjfit heats 
evalitafedl of Si0°R 

/WAcVsis ; First, rfe+cmiiie ike. jpnhapaf £kk 

<pf fta. u^cte. X = 520®^ aw.<l Tj = Hooo c R. are g ivca. 

S-fa-fe x : For Ha iseiHropic ctnupressicv-j ccmKv. I< 3 *.40/ -from T»(»le h-ioe 

T *. “l V */v x ) k ' , T l = ffc'«.6 "R, 

SMe 3 : Similarly , -fW* He e*y?aMSi<rtt_ 

^ .y* _ vi . 7 k 

v 3 V*. v, - V*. Tj, 

a/w ^ T, = (yV YH f H -r 3 = lees-S' 

Ca) F?r H«. Cycle, Wt^i* * (Se^cle . tWs 

WujJ« = < 2^.3 - Om« - vn [ CpCr- 4 -r,) - c^-Ctvt,}] 

FvftluatiVvy W\ 


- _ . j. . Yi. tv _ ifei** , 

V 3 v 3 “ V*. t* 4COO “ fc -^ e3i 


wa - T> V ‘ - 04»C> ibHV: yC | | H4- t** 


( I4A t* z . I ,. 

R 'i I . ft• \f520°e.\ 1 1 fA - *" ^ G- 1451 * 


(\ 5 it - Iff \ ( 520° R.\ 

Ufi.n H 5 ’ 

tWs , w'l^, Cp * 0.140 0<Wlt' , 'ft aw-A <Ar ' O.HI ftVW Uo-*R 

'jJ^de - (d^SAjft.rMoKHOOO-lfeff.fe')- C.niUisvi-s -52c.yj 


- 50.11 3 Ha.^_ 


w 


V* 


(lo] XVjt 'tWfi'rfwaV €^4 A.ciCv\Cj^ i£ 

„ wu.^.ie WmtU _ ( 50 . 1 O _ t ajN 

^ Q.,.* ~ yv\ CptT-j -Tt> ” £.vH5'\)(.2Ho'KHOO» ~ . fcC> 3 ^ 

(d\ tWa YY\«.avA. eHccVwe pres.su.'re v4 


Wu^cW Wc*Jl\< 

^ v, -V^T S V*O-V*N0 

(50.11 H1& 

(2 1 /,t^ I 1 B^a 


l (+ s 


Cd) r^-; Vj/\^ = T 3 j f Tz - hooo/ -2M7. 


I4M iV’; 

f 


= m 3 .? ib^r^ 


YWCf> 


/“c 
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pfZQQUCM 4,^4 

UMOfjoti : 4 to IM (X/s* s^vuUvci $ <-M ck haz a k*u> *>n Co v*frrf&C<yn rati* <*m4a 

&pecif''e*4 &W«- Aitke. of-Ctriprrczt ThccufoU- nvhib <i ak*kn«uiH, 

fiJNb • O-ifez/niHit 6*) J&MpejftxkMKj Cfc>)4tve klut- (Uktbj-i Cr^ p&rUnvf- 

Mats, (.CJ HiC n*d- ui&rk per ry iA$s, c <A) Hut. tktryv\at > TeJ Ac 

VH€JM p*pfSu,t«, GCAci(fj -/te- zfkeh of wnvys ft3sam rztfcb -fv- 

(^J)«SSWT» vmcftw 5 -(i ZS, ^ u 1 

SCUGMTIC $ <5ll/£AJ MT~A • ^ 3 


r~ 




*-U 


r a - zo 



r.M6Hv/e&ftnH6- MSDSL : See. &xa\*f>k HI. 

Afao t oa s u.m« o^sHi^cf speetff tc k&tk u/At\ ,_ 

jc =1.4. f¥om 2-Q'. ~ont& ££ } Cpi ceas uJfk^.x 

AM^iV . Fi rsfj 4e^erwi i m e.'fW^ Hz^zwHvw at- e*ck prwclp aJ sbJe. 

SfrUfeZ for -fUe 14 CvtKojHC coryp n^stt^ 

"A = T ( *•!- uv) » ( SSbL)(. zof* = <2-S4.S Jc. 

P-2.= = (*©° 13 2/3# 

5d*3&l ?»=£, i t 3 \fc v ,fT e 

ll “ T 3'^C ^) 2(|2S^,sXl^ ~ « 

^W^-1 lsevvWp' t c eKp^^L(^. " , ^uiT^, 

-t 3 (%H,) .-serc.^ - *' 

= ( ZZfe7.t)0-B)®'* = 5,3 fc. 

P 4~ P 3^ T +/t 5 1 ^ l= (^"3?J58)( $^.1/iZisTU) '^ 0 * -5 S S.4 ^ P <*- 
tb 1 ) TUe hewJ - aJUUf m>v\, occurs tlw-rw^ process 2.-3, iWs 
wau^-n*.) -Q„-W i3( 

^ mp^-xTy) 

= C u V U A+- P Cu-J,~ * la W =. C r CT s -T-*,) 

"t 1 *®' 35 - 1 ^ 4 . 5 ^ = iotz^ ^ 


(^c) Vs/c^cAe/vy^ “ vvs^GI^t/^v\ t Tb^a^ ^ 

&en^| m - | Q^i /m| ^ “ ^/CT^-Ti) 

-/part - ^48.4r 

Wt ^JSjL= - 54B4S* - ^fc4.15 IcJ^fcj^- 

C 5 I) 'FW'VWeV'wwl e.(i-icloAcy is 

V mM ,»lts*%)*. _ 

6U*v f vV\ ^ ^ 


O-NaJJ 


Wt^dkj 
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Problem 9-24 continued 


(£1T© -CwvA44\£weiU* effeckve- pnsssu/e, Arst caiculcxk-^ 

y- ■£zY** e *'> < 

*1 ( iao k-fV } 


TW, -VK* w>ep ii 

VVVe t 5 ~ C v.-vv) ~ ^ 


io 3 m//m*ii i Lr 


io S N*»w 


0.S453 


yy\' 

h 


I 

I l le 

| 1 kT 

| lO* N/»viV 


z \ZS.Z MVl.*- 


m^-p 


■”1 

CU TKe <jLv4u -bf -Hie. re^MAv-e^flok IT as -fo t lotos: 


/T Code 
T1 * 380 If K 
pi “ 200 // kPa 
r - vl / v2 
r - 20 

vl - vJTPfAirVTl.pl) 
rc - v3 / v2 
rc - 1.8 
k - 1,4 

cv = 0.718 // kJ/kg K 
cp = 1.005 // kJ/kg*K 
m = 1 // assume a unit of m ass of 1 kg 

12/T 1 =rMk-1) 

p2 / pi = r A k 
T3 / T2 = v3 / v2 
T4 / T3 - (rc / r) A (k -1) 

Qin / m = cp * {T3 -12) 

Qout/m = ev*(T4 - T1) 

Wcycle / m - Qin / m - Gout / m 

eta =* Wcycle / Qin 

mep = (Wcycle / m) / ({vl) * (1 - 1/r)) 






IT Results for r = 20, r q = 1 t 

T 2 = 1259 K 
7a = 2267 K 
7 4 = 865.3 K 
p^t326E4 kPa 
v, = 0.5453 m7kg 
Q in tm- 1013 kJ/kg 
Qout / m= 348.4 kJ/kg 
Wcycte / m - 664.2 kJ/kg 
rj = 0 6559 

nrieo- 1282 kPa ___ 
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?RD6L£V\ 9,25 

Reto mu/ey'-tUe osld ct\r-s-Hndo.*d TJiesei cycle frMem 1, Z4 fern 
<xw cx£iv^ account' ia a v\\euof>oin± 

pjM-p: O') £\>ala£L+e- -the fviiHffecJ he*cr 4 vid yx>rlc 

-fbrejwzh process, ivv^i ^)4eyise 4VW< cvA[«-a+c iii-L excnjcHc 

e-f^icl'tvicy cycle. 

50ffcMA~nc i 6 ; v'e^j D/Vr^.i x>q.Yrs_ -Ircm +Ue solujfien -4t> ProWem Q. z4 • 



' Sf Ate 

rCM 

rCR) 

'U“6vi 3 /(a0 

/ 

Z()0 

3 SO 

<>.S 4 53 

z 

J 3 2~5<? 

125^5 

£J,027Zk 1 

3 

13^38 

■Z-Z.t7.J 

o.ciHcns 

4 

4-55,4 

«6S.3 

0. 5453 


-f c -3o£>V.?4 } p o *. /Goi^fh. 


FioroiMPPg.^^ MoD£L \ See Exa^W q,z. Also, (tssu.w,e am&toMt specific tiacb 

(jo'l+lv k-l-4, V" id/lcg-K , (V*A Cp = i.oo5 . 2e-f l^-3cck. } £®loofc6u 

ANALYS IS’ r&) , 

<AJ Processy U2J 

T^e. ene-rq^ Anmst&P ACc-eiflnpa,VN^i^ wprL U evaWiicJ “- 4 '^ £^."7,6. 

* ^i£ „ ,.f^r-ir, > - 

VH J& X 1 


W1 


^7jO(3&>- fZ59.5)K-^^Icfe)^^Z72^- B.545 1 *)^ , j /^fk It d*/i^ 


f£.HV/vh l 

t / Jjr 

1 

It ^hlw . 


fVoc£^S J 2-- T U 51luj "UV} tw '4 Sg»Tjfc 

Ci^) 2.-3 X J^LVTj- V^- p D C^ = (?*.-P.y 0-,- 

- 03 ^58- Ido'JO - 0-O272A) = Z#7.£H !^/^.^- 

LAjI-VU &^.7. , S a*\A vurhwj YWct* all pv'eoesscs ave iwlervw.iiUj n^e-v'evt'iisi-e. 

< ^'?''« = I 3 C | - 5 )s ' a = a ”~ t * 0 ^)m “ a» J -T.«vit.«»-s») 

T^uj ^ ^i- r 


Ctw) ix/l 


Wl 


IgA^A 




^.ODS^ZfcTl-h^.S) -^06XU005>^g^l ) 
= ^35,^2, k^LU^ 




Frocks 3 -4 : £) >4 -D ^ = O 


Sfjghjfcw 


(eW } ■j *(■ _ \A/^^ 


^ ^ -- VfW -P.f ^0 

(bm8)(2-Zfo7.l- 8 6S.3) -Ciec)(0^45 3- V.c44cns) 
^YSt-87 t 3 ’/^ -*- 


teuOwVv 


’Fr~5cg<;^4 _-U W 4 1 - O =^> CWu>.)4i/ w^-O 


(E^ukjjj>v 
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Problem 9-25 continued 


j r-v v \ ’ * ^ ^ ■ 1 / w' 1 / 


feu, 


* ^irCr; -/■*) - 7^ Ctr^> ^4 = (^O. JiSX3?0-565.3V^OOyo,7ife)j^^ 

; nr © *5 * > 

= -I7i.i4 


, * J ^ 1 

£W) AKfl^propncdc. eneyjjM-ic »Wctevic<j caw b«. umtfev% as 

C^w } c^cle/yv^ 

^ * 


'8*5,': 


a> 


"Ttu-uj 

a 


^£w )»K / VW 

( £ud CM etc = OtLio)>i - + ( £->*J ) + + ^ w ^4 l 

w% ~ Wl W\ W\ w\ 

~-~577>£ + "2.87-04 4-°i5k.87 + O -6&4.Z3 t^T/fcg 
— - C £ % } *3 ^ 635.4Z- l^r/% 

yv"\ \/\.a '- ,/ 


m 


6 - . ^id -i-L 3 . - (9H45 £ 74.5 %)^ 
e^6.47 


l. t'xeytj'j VcouvcH^ SU' vy 'vvwwr-i] 



Ew/vv\ 


1-2 : 

-SH.W8 

o 

Z-3‘. 

Z 67.Of 

635.4Z 

3-4'. 

4 54.87 

O 

4-«*. 

O 

-m.i9 


644X3 

6k^iZ3 


For +Wc_ ccjde. ' 

H,4 C E t) V^C 

agcU = fe**)uj«jU 


Z. Sv^y%C 4 i CfCK - ) - ivveVevsUA) v+ies <*ire. pt*«eurf £va acU^U 'iw^ewial cemlous+io-vt 
<z.tujiv\es, A-^corci<.\\gl<j ( exev^cj desfrutKcv\ o ccwrs avu( -fW«- eyc-rg-^Kc 

€CMci«\AcicS erf- ^*4£d jiwjiWs cvr«, wxlxcA lou>ev-^UA»\ oaIcu-WW Ue*fe -fer 

'f'U*. ideuU 'biesfct eu^d-e-. 
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PiaoBLEM °\ Z<0 


kyovJK) '• >Av\ Aiv-s-k».v\c(av«A Dteie] c^jcle Was Icvvovon co^-rcssi'evv. au4 

Cutoff roFios y. specified «.+ ft** WegmutVj ®f 

CO'^-preitiow. 

p 1KJ n'. "De-Vcf»v\vvse (a) Hat. (MUc*! ) tt')-}-Uewio.ifnww.Y>o f«.»*peirCT.Vur« >(n+l*e 

■Hut* wit*. I e ffic* 1 1wet), (A J iVji yvi ca w. e ffecfw« p re ism. ve t «*d (e) plot 
<ji«*Hber verrux co<v,p^» ss<<^ r*. h'o. 

■SC.btgMAT\C ^ &-VVEJO DMA’ . 


! • 




, our 


o 


! 



~~ 


emsnuge^;N6- ^iQDei : 5eg Ex^sJe. 4*. 



A®JACV5is *. Begiv\ by fi* imj cacU. pr»Vclp^\ s+o-f* of +Ua c-cjtle ((able A- 2ZE\ 
Sffeffc ( : T,^520 0 R =£> U,- &8.b 2 eki/lk , V r| » (58.58 
5kdg 2. ‘. For fW vseiAfropvC. Cow-pfeSMo*. 

- 0£r )Vr, - ("jfc) 1 56.58 “ 11 U 
TkjLS^ T a - 1502.5 e R aw-JL W* - 3t>1.85 

> - For cm^^kujot - pret^ave p idc€?s , V 3 /v^. - T 3 /T* * lUxm 

Tj - 2_ (vso^s^ ^ 3 005 J <wJ l^Z.03 &Wlb ,v r ^ t.n*43 

Sjg^e H » For Hja- iscv\+ropic expetutierw 

V- V. *00(4) - 8 

ar rv( -^^TT fa -1.31M4 

IWs, T h = ISSO.'TR <vO- u,^ - 27Z.31 
(4) nWa- V\eccV CmM^A 

- v «(^j-W') 

£ VttAjJ^a.f iv\j^ V'A 


"W\ 


TWxS 


p,\f, _ (h. 2, 0.5 f+ 3 ) 


144 


Iff 1 


0.03M 


(.O^fc^) (-742.0*-3fe4.&5> - 15.5 8 84*^ 

300 *(Z dfaou'*) 

(c) T^€ -f-kevmAl efficiency if 


<*•5 


0») -W* = 7^ 


^ W qT^ 1 ~ $r; a 1 ~ fs^ °- 565 ^fo.5%)^ 
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Problem 9-26 continued 


(d) tW tva£om effetfvvc [x g Vvj 

£K-s-Qmi 


>' V, -Vi. ' v^i- 

_ Cis.se-t-ie) bb. 

- 

mftU-lbfjl itt 1 


(o. 5 ^)ci- 

^ lOi.H lt>f(C^r _ 

1 jj l*H m* ■ 

vwep 

TkiZ d&Jr& -ft7Y‘'fU£ ofs obfcuUeJ K& 

)T } o£ 'fotlow-S 

IT Code 

pi = u 2 II Ibfin. 3 

vl = VI /m 


T1 = 520 // *R 

Q23 = m * {h3 - h2) 


VI =0.5 //fl J 

Q41 = m* (ul - u4) 


p3 = p2 

WcycJe = 023 + Q41 


v4 s vl 

eta = Wcycle / Q23 


r = 16 

mep = ((Wcycle / m) / (vl " (1 -1/ r))) * (778 /144) 


re = 2,5 


vl = vJTPCAir.TI, pi) 
si = sJTPCAir, T1, pi) 
ul = u_T(W.T1) 
r * vl i v2 

v2 = v.TPf'Airja, p2) 
s2 = s_TPCA*r, T2, p2) 
s2 = si 

h2 = h TfAir. T2) 
rc = T3 / T2 
h3 = hJTfAir. T3) 

S3 = s_TP("Air p T3, p3) 
rc = v3 / v2 


IT Results for r = 16 and rc ~ 2 

J 2 - 1502 *R 
T 4 = 1528 a R 
h 2 - 369 6 Btu/lb 
h 3 = 790 8 Btu/lb 
p? = 656.3 Ibf/in. 2 
p 4 = 41.73 Ibf/in. 2 
Ut = 88,73 Btu/lb 
u 4 = 2/1,7 Btu/lb 
m = 0.03687 lb 
Q 4 i - “6.747 Btu 
Wcy-je = 8 783 Btu 


v4 = v_TPf 1 Air.T4, p4) 
S4 = £_TPfAir. T4, p4) 
$4 = s3 

u4 = u_T('W, T4) 


On - 15,53 Blu 
T} = 3004 'R 
y\ - 0.5655 
mep = 101.2 Ibf/in. 2 


PLOTS' 



r r 
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Problem 9-26 continued 
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Di 56U$$< crvi 

• T^e 4V\€v-r»\^\ e{ftciev\cu qre^M txluldVV 4-Ue. Sav*e frev^s as t ia. FU9-U 

ft>r -focejl )<■ . 

. M c<wisfd.vet covApirrsMcrw -fke v/aLu.es of (3 ZJ ,T 5> vnep ad 

rACu>ifU 'uAtv«k.s’>^ Ca+.eff ra.fi d a as e^pec+e^i. 
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Ft** Q ■■ -Ws4 +r*Kt-^€.^| ncai^f Kc*^f 

f*v e*^ |t^-occ tc t&) £l>v 4 ev« LufliTi o^v cy 

STC HlfH / VTic 2.G P-*bi*** <*. 2G fW+U*r Ukul*^ 

o-^*/0V* farfk+T* 1*4"*^ i* a-f* ^ T**f e /4-G£ £ . 
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T( e R. ) 

V(U 3 /ti.) 

U.66kc/IW 


\ 

/*/.z 

£■20 

/3-S62. 
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l 

OSb MU 

1502.5 

0.e>Hlk>3 

ZU>,8U i 

O.SSHSU 

J 

bSb.HH 

3ecs 

l.blSJ 

Stb.tto 

I.CS3IL. 

'4 


is 30.7 

U.fbZ. 

ZTZ.3b 

0.65951 


£M6fA;£g&fM£ ^ 0 D£L * See Sample A<r# v j^- Sz,o°K , p Q ^ 14.2-tbf/ta^ 


AMAL-yjiy. u) fWo£j_W: Qn'-o^ot^,; ^ ev«^, -Wv^. 

(jj .^w E^, 7* 6 4* ^ ^c <u^-^*^ ^ ® 

E*j ;V - Pc «£>V = (/uI -<<*,; - Pccr t -1/,) J ,£©.o 3 4 <j ib)fjc«%z- ttfc. frY) 8 W/b - 

fro»*v flVvl.w*¥ Ut)(-lt.T|V3tf)| 1®S*- 1-1 

-H 1 ‘**' l T?8^1bfl J 

= -S.y+3 8K*_ 


"*•'» 


k? a i***t t. 


?ApC# 5J 2 -3 ■ A & Atovf ; U^i -a j W t jij^pdV%, (V\ -V,_J 

&W ^ pJ^-VIV PoL^i-V^l = »<IP»-P«)(tf?-(o.Di btXP H3 * :,rf M a *** i7 )lml 

-3 ■ 710 6W- -•> 

W,‘fv 6y.7. ? £^-\d i*3 fci in^/*\*iiy r< *'**■ 1 1 feig 

e$ - £c. 11- ■* ~ r ° ■* G11 ■ T ° ^ Sj - s ^ 

*L -r T.o <o R JuA>.1 = IS-58 OK- -«pA>.MW«JfMSW'MT»w) « 

= <»*% - ToM Li j ' S X' */" /ri J c fro „ p,,,,,.^. t)-J * ■ 

- H ??l B*»- 

j^«£l_V^.' 'Vjvl '0 } $o+u*^.4 e^evjt, 

£ W = vr-fc>^> ^ »«LUi,.»i^-(».k*.u50s «»? C* a -»- <, * wrf *K l| - tts Wl»}»l] 
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j 5- 0j tkfc*j 4} (ApC o-Ct* 
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r U J w 

* ^ lT(U;-X^ A-1 ««**■ 




Eg * ■ 


^[CUi-^^-ToCsf R4 ^ - o*o7**1^« ^*72— 

-J.Ob^SK. J 


SSElSft. : "' ?T •• ]Tc 
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PRoGLEM 28 

ulnomj/ n ; <xr« prtfuh'drd a *i /'rt 

vv\ 0 d*lcd AJ cu r-s t>j'er#| cycfe - 

f»V** P : Pefp^tvwrti, +kj »►**■ uo per power- de c<*^qJ 


£6iVX*J D^T^: 



e^JCftJE^fzifJ^ fo09 sl : 

Se« 9-2_ 

AlOAUTlfS,* d, *«* Ss ^ 

Co v f i <A^ r^ K o <o obt^tVrd ^ a 

Vw-.v, 'S-fc=t.o-5,fc-av^tK 

^ XL..&0 

■Vt 0.4 


K» «AC-t“ J, (L*’+ £Xr-f 4 C*tt^ ^VV< Ht4^U if-AXc." 

S frJfcx I- Fr-^-T^Wr A-ZX. *Jt T, =.300 I Cj U,= 2.\H.Q~H C 3(K5 , *ri ~ fc^.2- . 

SfrjC 1 1 : Ftjc- f*^ *‘!r«tiru/>i'c co ^wjVSiuu 

h t = 8k<U3 T l = 8Hi<. 


^ *■ ^ tfn - 

VT 


: Si>vH +»*%> -(W (v^-ca t* 

. 3 / 3 . ^ ”ij *(a ( «y 8 ^-WiK ^ h z sZT30&S £1 ; vrj- 2.&1W3 


Tl 

^ : j^br +*'-■ 'fr-^ .'c o*n 

Vr4. Vji - vy ,V\ -. OSVEh)^-^/ V?v| - ((c.2-?)( ^.(»743>) - (Q>."1 |L { 

Vf2 '* ^ Vi, 

^ = 8gM.% ^/O 


p.y. . A r*«? G ’ 0 \ to ~ J ^ I _ 

RT. * / ’63W *t*rV300lO l >i*+'«'I 
Pj-kA 1 


TK* J. U.S**} ^O-v VW» 

>- J ^ 


For o.-^ cjrdt j Wf^el* - 4eyCI( 


P/wumt 1-2- wiVV .'h^of«i~£> 

y 0j oje Y ut - Qia - u/U»m_ <0ii -j c3h.,'‘-(- 1 k-uJ 

-TWi, sjJc^eu -- ((»^lit«i'\ n )^?0.es--aifl.(,^-(8W. ( l6 -2N.0l)J M£ 9 

■a 4,^01 *3 ^*r f<te(«_ ^W[<- 

Tk»f#«»»r 4t^*A^L»^ *5 


We^tU 


„ (IS00 osifsVq.'io ( £l )) i^rl I T^Ts I = 1 iV3 ’ 

^ h4‘A / CyCf* / 1 


U/ 


fU, 'fkvv^-< 

xv. q.^oUa/evtO _ M.4oi „ . wc^cVl 

■ ‘ L(>L*i* : VA*Tw , '/ e * <fe V '*' 


rofjotr 




*n 
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FR0&U5M 


tCfiJOujKj Am <X i r Diesel cycle Los o. k a ou> n compression rod-io 

am-d s^c.t'Pik.4 shade ad-ft *c of compression. 

Pi MD '. P/of (00 fh€ mo-Tcim um +ei^\^era#«/!£. j(i>J -{tie. pressure. a.j- dUe. 

erudof erp«trtS(b)^ .(c) fhe. «-e+ voorie. f&rumt r*uuj of airway\d 

(d)IUe. iU&r'tn^l cffuievicu v&rsus cuhoff miio ra.n.nim«\ from 
I S foZ S i jr > ' J 

SCHEMATIC £ 6ll/£AJ PA-TA : \ r ‘ s s LS - 2.5 

/, 5 is 



eMCiUE&gMUG- model : EKa«p|«.^.E 



* ^ ICO If. fa. 

T, = 3(0 « 


/WiUVSIS’ . /A sample cg«-tcuUfion uj<1/ be done f&e- r c = / • 5 pifsfj fib 

of Mu- principal sfa.fr s of fte tycfe : 

(a) S/oie / : from Table A-2. 2 . af TJ = 3/OK ; U ( =• 32 /. 2S /cTlfc^ au<l = S72.3 
Sfafp. 2 : Fo<* -ji\e. isentropic cc repress iov\ 

AJfx = (£)v r) -(j^)fS7z.3) =38.153 
I^levpoUfi‘^ 0 , in Table A- j U t = e^b. 6 fe k»/ kj, sun.n Ic 
Sfia-(e i > • PoreacU value of cutoff raHv, r c = Y» /V x ,-Hie v*fu.<- ©f Tj 

Can b-e defermme^-from T 3 = C V 3 /V a ) . Tn fkls Case 

Tj * /3Q/ .5K ; f, 3 = 13^7.-? kTUj, = H.*35 _7W 

5fote*f • Vote fw -for -fte "(iewfropio expansiovv 

^rn '^)tr r} = (^ 73)^3 * ( r - rJ ^-3 

TWs v rt+ = 112.3S J Ttf = ?S4>.fc K , 1x^=4 24-=4 kT/kj 

Ol Tl/ua, pressure «-t ~Hm 2 evu£ e>t -VW typciwsKrw is 

? 4 “ P v - iSTikP^ 44 _ ?j__ 

tel TUe. ujovIl per un*.t vwa.s£ of acr is 

, 4^ . <bf ^ CUj-UO =3S7.s cr/icj, 

TUe 4Vev»»\a.l cfficiewc^ U 

V , 0.S1H (SI,Hi.) 

^131 >V\ 

The ddcia far fUe rt^uireJ pl°fs art. DbfatueJ Uitnj /TJ ns folfows: 
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Problem 9-29 continued 


IT Code 

pi - 100 // KPa 
T1 =310 //K 
r = vl / v2 
r = 15 
rc = v3 / v2 
re = 1,5 

m = 1 // Assume a unit mass of 1 kg. 


Q23 - m * (h3 - h2) 
Q41 = m * (ul - u4) 
Wcycle = 023 + 041 
eta = Wcycie i Q23 


ul = u TfAir.TI) 
vl = y_TP0*Air*,T1 ♦ pi) 
si = s_TPCAir, T1, pi) 
v2 = V_TPC , Air p T2 + p2) 
s2 = s^TPC'Air, 12, p2) 
s2 = si 

h2 = h TC'Air", T2) 
v3 = v_TP("Air i \T3 1 p3) 
p3 = p2 

h3 = h_TfAir, T3) 
s3 = s_TP("Air. T3, p3) 
v4 » v TPC'Air,T4, p4) 
s4 = sJTf'Aif*, T4, p4) 
s4 = s3 
v4 = vl 

u4 = u T(”Air", T4) 


PLOT'S: 


IT Results for r, = 1.5 

h : = 896.6 kJ/kg 
pj = 4199 kPa 
h 3 = 1397 kJ/kg 
T< = 586.3 K 
Qzy'm = 500.4 kJ/kg 
Q«i/m » -203.1 kJ/kg 
Tj * 1302 K 
p« = 189.1 kPa 

= 297,3 kJ/kg 
r\ = 0.5941 
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PRoSien 3o 

x moujm : Aw <xiv--s+aw<iaif«^ Dies.e( c^jcle c~ lc.i\oiovi m<Ma'iviuvv> 
{e**pMuWre a, <z+ AUa begmmv^ of 

coKv^^siiW- "TVa TWii* o-t aVr tc gOve*A, 

F>Mb: Delertwme 4©r-various tcnrHpfessiow ya/Ko-s taj ACt Ktf wor^ 

tb) tks- -VUje.irma .1 e W-rcifci\cy } a^Jccj -tU*. vueau. ekecHve pnrtiure! 

SCHgAAATtr. ^ &IV/&Q PA-TA '- * \3 i $ £ V, f\J x <. Z 5 


Air I 


tet 


vw a tag 

Efi<SIIO£e gi^ (r MOD£l : See Eica.vy/.e. 4. 2. 



/I = 45 kfi*. 
1 T,=..3ooK, 


"vr 


4fM-l4S\S '• Co>\ji</©v* Avrjf *. Cfl.laAln.Ati>-*. uSi*<j d«i*. froyu Tflkle A-Z2.-Ji>r 

+W« Ca.it <4 f iV,/^: 15. hron-\ T«(We A- ZZ e* 7;’.3 OOki^ tf, = 2i4.0i JeTjAj, ir r> * 621.2, 
Also, <*.f Tj * I&OOK; U 3 = 200 J .3 tZTflc-j , V* rj = 3.444. Pt> r v*i5 

‘V fl : ( V, /< )-VV v “ (rg)6 2l. Z =^l.4i3 

XvvWrpo)a.A,U<j iu TnMeA-zz; U t = 8fc9.fe3 kT/l^-r^ 843.2c .Mow,-for f^©«« 3-4 

^*^7,) r ra’ M ^ 

3V-UvpoWAu\ TctloW A-“zz ’ l ^=T3i.^ UT/lcg. 

(a) “tW vaA wwlz is dolaulcUe^J ^rofw Wt^_ ~ Q im/cJ ( Aj uOW^l. (^ 0 ^' ^ij + G34 • 
iWa 1 r r" 

Vv\ +- C ,■* U 


w 


u^cJLt.' 




fr Zoo3 *** 6W * fc1 V kT<*-jpj^ 

(b) TU. AW/YYAal efl'ititiACoj iS 

WujyJU _ W OY-8-g. 

<2 v -> w(.U v W> QlZxto‘ 3 )(i.co^.3-g6 e |.W3') 


V 


7.3 89 


- O.S43 (54.3%^ 


AO To «<,+ 4V<. wvto.A efttcAwe. a'rcsSw.re, -(-irsf <A«Aevirw\vxe. V, 
' . a > .* \.-r ... 

V, 

tW> 


. (l2 -^ (5.8.<n fcy,A(30DiA 

lAl 

l U Pa 

io 3 n- (X 

n s upa.^ 

t° s 3 

LC 3 

1 UT 


_jy 

<.*•*14') 


- i,o63?((0 i>v 


vv\€p 


W t^cXc 

' ''r^ * M l - *M 


*1.384 V3~ 


i i*p«. 

(j.O&6 No 1 w t J '/ 15 ^ 

^ vT 



kP«0*- 


we p 


<v=ts) 
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nnep (kPaJ W<*d. CkJ) 


Problem 9-30 continued 


Th*. &cck\ 4cr r-e^u pta'k are 

IT Code 

pi = 95 // kPa 
T1 = 300 //K 
T3 = 1SOO // K 
r“ 15 

m = 12E-03 U kg 

yl = uJTfAir, T1) 
vl = v w TPfAirjl, pi) 

Si = SjPfAir, T1 ( pi) 
r = vl / v2 

v2 ^ v^TPC'AirjS, p2) 

$2 = SjP( w Air\ T2, p2) 
s2 = si 

h2 = h_T("AEr p T2) 
p3= p2 

fi3 = hi_T{'Air r T3) 
v3 = v_TPfAi 1^,13, p3) 

S3 * sjrPCAir", T3, p3) 
v4 = v^TPfAif^ppi) 
s4 = sJTPfAir*, T4 r p4) 
s4 = $3 
v4 = vl 

u4 = ii_T{"Aif P T4) 


ITj OS -fattens ■ 

Q23 = m * (h3 - h2) 

Q41 = m * (ul - u4) 

Wcycle s Q23 + Q41 

eta = Wcycle / (m * (H3-h2)) 

VI = vl * m 

mep = Wcycle / (VI * (1 -1 1 r)) // kPa 


IT Results for r- 15 

t 2 = 343.4 K 
p2 = 4006 kPa 
h 2 = 869.4 kJ/kg 
T 3 = 1300 K 
h 3 = 2002 kJ/kg 
T* = @67.2 K 
p< = 306,3 kPa 
Q 23 = 13 59 kJ 
Q 41 = -0 202 kJ 
Weyeia* 7.304 kJ 
= 0.5435 
mep = 727.4 kPa 


?LOTS* 



r 




r 


kJyffc +(*{51+ 4t*fc LOffrU. riofS^'4 V&Tu 

^ r, bui" li £toes £*UTCuIV 

e^cieut^ uji^ r be<WA*<L 

+Wa. aV&rcX^*. c?4 head 

AdpUVttM, iVu.^5 ^v^yiOLPi 

c>4 Vut<^ 

lU&reMas^ as tk* W verify W 

+o T-S of 

Hjl c amJL& , ^(50 r\olc IW VMtp 

d^c^rcaies ujltU ijAcr^s'iw.^ r. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






P/2oat-£M 4.3t 

kiMQuJAj : Av\ Qvr-shx^cAxird Viese-l o^cic. ha.^ a. S-hJe. aJ--fUc ke^mtu hj» of 

Ccny recit#v\ . ihe-cei^raua^ raHo <md Cuele. ±^yyy>ev*U<^n?_ Ar-c 

iCsbduJ d.S tS -ti*£ VaU^yytA (ii~ 'HkSL b-fjfinrt Ci-ij 9-f- COki<(5 ^CSio-y\. 

ft CD : p&fa,rrvu'ne t °>) -fkemaij of «(<, Ctj Ti^e. w eaJh Qj£dU.ii<n\ macI bad~ 

r-ejjecfum, petre^c/e, C<-) -/Yie-Mef Wdric o^s/ 'H\e>fma,{ cffucl<MCij 

0 sciteMAnc 4 <avs*J da-ta ; , 


O.Olt 




4 r t = 3rSK 
f> t *nokfh 


PuatM£g&tMG- MQ0 £l : See Example <f.Z. 

AAJ4^YS(£: First*, fux. eedv. ef-4ivt jprmupal sjifcles. 
gkk I 7; - 31SK 6t ( 22^.8S fe-'T'/k. 

544.8 --_ 

- 3t>5 3 =^> 5717K, fcx/ig 

State, 3 p^p^ t 3 *i4ock - isis.^z i*T/kj j u^ 3 = g.s/4 


v 4 --v, 


a 

t? o 


, . P-^-Pj; VWv 3 - T Vy 3 

^ = K 3 (^ • 1 H 8 - Si 8 X ^- 84 -<« 


$> Tj ~b53.1 K , a 4 sf7fc./2. k^/kg 

(yO Tfce Km4s of aiv' as. 

f, V, (^<70 JcfeKC^OIkryO) 

P.T, "' / 8 ,si 4 - k.T 


Wl = 


io* kJ| »v» l 

1 ^ 

1 k-Pa. 

10 1 N-'rt'i 


- 0,0 3 k}^_m 


/ 8 fr'h 3iSfci) 

l^TiTk^io^ 

(JoJTfe keair aJJXi'ityn is 

<3^ - Wi ( h ii fc ) =(0cD3t5)( IS 13.42 - 9 , 0 ^ 3 )^” i(g,j 5 7 u~ < ___Qzj 
ita Wfuri: rejected us 

*. v*lu - a,) .<p.03)(47fe.i2-£Z4.65) = 7-S38 kT.*_Oil 


(e) The. n-t^J* kjork. af +ka u^de e^u^U -H>«. s/vet logoi 'aMieAj or 

W^ ole = 6 ti -Q<H - te. 1ST -l.?$8 - to.bl^ leX*- ^V*- 

|U^4Wwv4 U ^ q f*Va r ^ il0,b %As7 ; ‘ 0 - s8s -K 

I, earUj priVuPiWjS of 4H®- Swett\ E<JZhtPn,4'ke. value <jvV©v\ -for* p, uuaS 
meorred:. Tire, ory^ef vaXae uieJ i'^ solu.Hm - We 

r^fei*'Hoe.evvx)r. 
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PR06l£M *f r 3Z 


ai* J>ie$el / 4Ue sfn-ltf a/+ ke be^um i^w of a>**tpresj/m 

SGve.'Ttkl Values ^fcv' dVit m^Kf mum OyC-^C Atpc-r'ct/t^ r'fe- ok. re ii . 

F/ajd -, Flo+ fUe vie+ toorlc- w,m4 t^wSj fhe, mean effffckV^ j? tessutfe, a n<l 

tVigrjYial e^LCi&i/tOj t ^acK C0rt\(itf£5S/V*A radio rciM^ivij /rtorvi 5 £o 20. 

SC HEM 4-ftc < Olv/eo Mta: 



gAj6tN£g/8lft><fr- M00£i. : SeeexampJel.Z. 


AajALVSI S : ifo/iot-O * i5 U££tft 4o Sol^£ fjrok/crvi*. 

l. (S^ve^A v^Lw,tf*£ * p ,r , V*. Av^d.T, , 

Z * Fix. s+sUe 2 ufH’ij tf£*V W -stT^p^u U^Ae/i asmj 

7a.hk 4-22 jiUit cxprecicd ia fef»ni of ,/v> - 'v; /Ui. 

3. Ujikj cu^ -fU idc^i acts <jiWvffw : \r 3 * Ct 3 /t*)v l 
4- ‘Fix Fk* iWt At 4 as t« af«f 2* SCTj^) * Sfn,,p^)- or T r /v,« 1^/tA. 
Mio , k\oU 1W- \r + = it, . J 

fJouJ jUsiVv^ encv^tj bcdcuxtes o/^a uj i so • q 

1^ W,....-'« 


FcX^Hmh 
6aaJJ 


Or 


'M.CJU 

er, 


f Q 

T-1 A\ 


p, > <v ' e p 
WJ <*\c-U / y>A 


*, wx^U s -UO , Q^,= ""(ia.-u*) 

^ t ^ ^3 “k +■ t*^i -W* ) ] 

/v** 

-v, ( I - 'AO 


C» 

0> 

U) 

(4) 


■SfUxyl-fc <U>{(julcJrUTv^ . JlTMSjT^ |XOO(< 


Fv^OiAn 77? Wc A-Z.2 A’f T -3oo/c 


£A, = XJ?07 kT/kj ,v rt -fru.l. Tkvus V rj _s ( V »/v^ ) = /%-) W, a 41.413 

JVWpoUA'rfj m ToiafeA*22.; Tj_= #4 3.2 K ( U ^ = 66?. 63 k7/k^. VJouj^-t ^- 1200 ^ 
K 3 - 12-17-1^ kT/t^,xr r3 : rt.no. PwJktH 

1^)^ - v 0 -- (v:^y-vvT,^ v r , = isa.s k 

1W* , 1 S22 I K t u 4 ^ 37 5.?t k^/Ic^ . 

fww\ C •" C4) 

- 861.c- 3 ^ * ^oe.2 kr/fc^ 


Vs? 




e.ltt, - G?08. 2 ) +(U4.o1 - -yrs,ib) =246.3 UT//<^ 

Z4< /.3/^gi - O.tO 34" ( 60 , 34 */°') 




lAA ^ 


( 8.314 kT ^ 
n&.Vl fc«i-K i 

| ( Sook) | 

1 16 «ir 


V*MT ) 

lO*|sl|^ 

Ik T" 


0X46.36311^) 

to 1 u ^ 

\ \>e^r 

^ e P "'(O.ftbl (l~ l/ (S > 

VUT 

) 0 ? k)|wi a ' 


0,2>(ol wi' 3 /^ 

= J.06S ^o-r 
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Problem 9-32 continued 

TVie -fo/' plofs art ksm^ it as £©Uolo*‘. 


IT Code 

pi = 1 // bar 
T1 = 300 // K 
13 = 1200 // K 
r = 15 

m - 1 // Asume a unit mass of 1 kg. 


Q23 = m * (h3 - h2) 

Q41 = m* (u1 - u4) 

Wcyde = Q23 + Q41 

mep = (Wcyele / m) / (vl “ (1 * 1 / r)) MOO 
eta = Wcycle /Q23 


vl =v_TP("Air ( T1 1 pi) 
si = s_TP( p Air J, 1 T1, pi) 
r = vl 7 v2 

v2 = v TP(”Air,T2 t p2) 
s2 = s”TP(“Air*\ T2, p2) 
s2 = si 

v3 /v2 = T3 / T2 
v3 = v_TPfAir\T3 h p3) 

53 = sJTPfAir, T3 r p3) 
v4 = v_TP("AirM4, p4) 
v4 = vl 

s4 = s_TP( M Atr\ T4 h p4) 

54 = s3 

til = u_TfAir^ T1) 
h2 = h.TfAir, T2) 
h3 = h_TfAir, T3) 
u4 - u_T( H Aif, T4) 

PLOTS'. 


IT Results for r - 15 and T3 - 1200 K 

T 2 = 843.4 K 
p 2 - 42.17 bar 
t\j = 869.4 kJ/kg 
1277 kJ/kg 
T A = 521.9 K 
p4 -1,74 bar 
Q 23 /m = 407.7 kJ/kg 
Qii/m --161.7 kJ/kg 
W cyc *»/m = 245,9 kJ/kg 
mep - 3,06 bar 
n = 0 6033 





r 
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peo6l£M <1,33 

• ©perijrfiwg 0 /re. pmvlcUA -for <? vt aPr-$l*AtCkuj( cajole.. 

FuJD: "Dtk/rmme C «0 -Hv&«.+ -J-Ue &v \2 «f €Aj£ti I't€oi" diedctt'fwvi process 

C Ip) 4"U-£* ^£'f- UJ^k, p®AT ^ dc) -ftt^. 'Mv&lrrt\jii^ fi-ff-i eM ft/vusf £J ) 'H^l. 

m t« tffc<*v» f re KMe .. SMawn£4 , g | V£K)bA . Ttt . 

eu 6 U 06 gfel>JGr MOt>£H Pee. 

Eira.vvpte '?. 3. P 

/WVW3I5 : </* i wg <claiA#Orh T<*J>k A -Zi, 
oWo-in, tAcuUctOp ciLcJU- jpn>\up*! S"W* . 

$V<xje I 'T * 3 ooKj p. =■ /CJoici^U 
** U,= 2-14.07 kTf/ej 

Sitdt, 2 . i K>r -VW licj^Vxjpic cowpf'eciurvi 

v ri *'y, 1 (^) i iiji sW . M1 

^\ai 02.1 K, 14 - 5144 ^ l£ 3 "/i^ 



Cdttk-3 : fer process 2.-3 j Q M -vhCu^-} «£, u, - ^? + 


TKe rv\c<. $% la , ,, , 3 

- F.V* - Goo k-ftOu^Oi^m 1 ) 


Vv^i - 


(IT, 




ID 


l Ufift 


3 ^ 

l LX 


U. 


10 Vv* 


■t Q.O(bZ.& 


(ll-ISi 

U 3 S c^SSi5 + 3K/rt*|-ill.S2 


*f£“ 


- (507.7 K 


*3 


~Tloy __ 

Stak.4 : fbr4te un^^nd p^sa-rc lizazt iukhTi^, CJ 3 ^ = m£ L^- l^). 71 ^ 

S ^ -Mfc+S.31 « 1313.34 U/fa, 

tU, * - 1 

.., ,, v =a.463‘i 

n s --^ 4 (^) *^($) , Uf+ (V^ ^ atl . 1W ) (1) (SSll) 


* \^,\7JiS 

* V" 585 *, u 3 = 8%.fc ST 


C.b) Q«^te s 3 v ~j 4 " vv >t.u.j-tV) 

> 7 )-t £>.Qt(p^C 64b.k- 2-14.01) - 2 .1.1 -11,045 ■ fcT 


Wajote/|v ^ 13 71 3.4 l-cT/l^ 




^»^4,= "• to °/^.-f =-°- 3 » t 3 »-i%) 

’Tta Wiea^- et|c4Wfi- pr'essu^ Cs 

'A/cuitlij, 

WVfcp a - 1 ■ . ■■ 

r V.o-vt/v^ 

CO .fro Uj~) 




(0-Ch 4 (t “ ^ 


to N-n'Vi 

1 f LP*. 

L kT 

i LO^NIm* 


= 932./ kftL4- 


m 
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PR03LBM 4-34 


See. Pn:blew 4. 33. The r^avr-c^ dtak 

JT Code 

pi = 100 // kPa 
T1 =* 300 // K 
vl / v2 = 9 
VI = 14/1000 Ifm* 

Q23 + Q34 = 22.7 // kJ 
Q23 / (Q23 + Q34) = ratio 
ratio - .5 
m = VI / vl 

til - u^TfAir, T1> 
vl = vjrPfWrVn. pi) 
si = s TFfAir, T1, pi) 
v2 s v_TP( ,r A!r” 1 T2 1 p2) 
s2 ® SLTPfAir. T2, p2) 
s2 = si 

Q23 = m * (u3 - u2) 
u2 = uJTAir, T£) 
u3 = u_TfAir, T3) 

G34 = m * (h4 - h3) 
h3 = hJTAir, 13) 
h4 = h_T("Air\ T4) 
p3/p2 = T3/T2 
P4- p3 

v4 = v_TPCAiCJ4, p4> 
s4 = s_TP( M Air* p 14, p4) 
v5 ® vl 


oWtfuUed ttstUj foilo^os : 

v5 = vJPCAiCJS, p5) 
s5 = s_TF(7Ur\ T5, p5) 
s5 = s4 

u5 = u JTC'Air T5) 

Wcyde = Q23 +■ Q34 - QSi 
G51 = m * (u5 ’ ul) 
wcycle = Wcycle / m 
eta * Wcycle / (Q23 + 034) 
mep = (Wcycle / m) 1 (vl - v2) 

IT Results for Q ? ^ = = 11 35 kJ 

T 2 = 702,8 K 

r 3 = 1509 K 

r«= 2074 K 

T 5 =1159K 

Wi = 213.9 kJ/kg 

u 2 = 514,3 kJ/kg 

u 3 = 1212 kJ/kg 

^ 3 = 1645 kJ/kg 

^=2343 kJ/kg 

u 5 = 806.2 kJ/kg 

Qgi = 11.09 kJ 

^cyci&/rTF = 713.7 KJ/kg 

17 = 0.5113 

mep = 932,6 kPa 


Plots : 






h eat addition ratio he ^ add lion ratio 
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peoeom 135 

KAloioo ■. The duAJ cycle t>f Problem 133 is atuihjz.ej &t\ a, colJ ^-sb-wduinJ, 
b^si-s. 

FitiO 4 . D*j-€vrvM>jc 4'<ivv^MvvifiM'e'S -Five ck. 4 of- efi-cU Uecd" (c4d^h o^\„frtxEx 

Oo)-bi*c.n,$A~ coork. pe*-i/Wt+ ►v\A.'»s < (c')'fUe 4 ^e-rt>\al e-ff-icie\\u* l a a\U rnexu. 

e-f^ec+we j&ir<ss w,ire. 

SctffiWATtc 4 6W6*) I>ArTft '. for Fte c*jc|«„ T,- 3OoKj ft = /e>0kft., V, -o.OK 
V | V Q. 7.3 ~Q 3 ^. a Z.2..7 kJ "/2 s U, 3 5 kX, See. -Hv&. soLtcftern 4o 

ProWemSAs -£>r-fkc. p-V J lajjY'ttyh _ Fn?iv> 4ke iolu-ftovij rvi =■ o. D jfa 2i kfi , 

£MG-iK)E5g|^<r MOt>£L : See. £v«.*v\ p le 4. 3 . /H^d assume spcc^ tc. 

bcjxfe e'/alujdvJl at 300lc. fVc**T«we A-Hj k *t .« 1 icTfk^U. 

CpS (tOOS kJ/fc^.K. 

Fbr «**. ao>*r«Jf«: a^.n, T z -T, ('V./ v ^( 3 m)P) ' 1 = 722.47K 

For 4W*. Co*s4«mF Volant h ejsd- d^-*5HtfV\ J <9 r ^~ Vyv C^CTj-T t } . Tku<F 

-r -t . -r- _ _ C11.5 5\ _ ^ 

1 3 “ W> ~Cyr + T Z- - Co.OlfeZfaXo.-MS) + 1VL ’^1 ' K* *-H 

For fkfc Cois^mcI' f^s-uve. ^moco»s 5 (9 34 =■ vw c p Cr 4 -T 3 ) ,Tk^ 

Qs4 (Tiles') 


*4 ~ 


Cp ■* *3 Co.oifcZfc'JCUoos'^ + - 2.384,^2. 1< 

fV -K^ iewtyopic exp^sl^; rj . ( v^' 1 * r 4 (^*. Vi) 1 


I*.-l 


/ s, ”«- P, a P 4 3 ^/vAr^Vr; 

■&3 81^ te .^3.. . ,, * J 

,. , _ . \ tte44.tefc 9/ “ H38.2-3K 

Cbj u S i* mCyCTg-T,") 3 CO.Oik>^yo^i8)CH3 8,X3~3oo-) =9.786 kX 

Gz.3 + (S^-Qs, =■ Z-Z.7-7.756 = afftf UX 

W<*joU./ m - 1^.1 H/lg*-— 

W V ^ a V(Q„4-a 8< ) --o.34<, (sm<) 4 - 


W, 




<W 


Vvtep - 


W<U^jJj€ 


oz-^k by) 


V.U-VzM {b.o^^Xt-^) 
“ 1037.7 l^Pa_ 


3 , 

10 W*«t 

l 

v ur 1 

lo 3 Nlwi^ 


wiep 
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PR0&O &'l 9.3 b 


k'MOuJM *. Av\ expression is guV«n fur-Hie -tkerrva.I efficiency of a. colc( air- 
Sfn-ndlfirdl etuect ccjcle m f-efms ©f coiv*preystov\ na.fio,r, c-ctloff 
nxfiO; rv J a.K.^( pnfS5una rafio -for 4ke. consta-nt- w1k.«€ Ke^ 
c*d<ti t i Tp . 

FiMD - 4^e expression*. 

Example. 9.3 . Also, +Ue specif iV heaVs are c0nski.n.+ . 


tS‘C,?A 


telAm iS. ■ S e?)<” ^ i^ 9.(V 

( Us* -u,) 


n= i- 


C^3~ ^ i 1 1~ ( l tly-tlj) 
^LT fTy ^-Ti ) 






Wt 3 -t«.) #* CpCr v -r 3 > 
Mofe •fl'iaf- r # lv x 

_ L, -l 

TV 


tr 3 -T £ ) ^uct- v -- 3 ) 


(*) 


, r c * t^/ir 3 ; 9 ' p 3/Ps. • Therefore 


^OSijA- 


u-f 


r>T. 

t m-(^)t, = r«.T, = r.r p T t 

r 5 S Cv s f A • (^ • *• f ir, = (*v ■£)' V * r p (-£ 


L u —/ 


Sub-sfffichnej -tUe.se vr«l«.-Korvs info (.*) §\V&s 


Vi - l — 

r p iv k -i 



\ ~ 1 - r tc-1 

_(Xf>~ 1 V - 1 - U r f (r c -0 

- 



2 . 
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PfcoSLeM <V3 7 

Op.**"**^'*^ *.r< p^cwf d € ^ -for- a*\. <xfr- j f *.*. d#j-^ cj^.A il Cyc^c.- 

F * *“> Q ‘ € £ *-) + K* ke*f dL<o ^ ai 1 Co vO^vh.C. ix *\ *i a'f* 

O0*\i+ft*^ nu^e , C >o) +W-f mj> t>#-*c ; (C ) a. f r-tj C4 ) -f 44^ r<**-*-^_ 

SctfrTp**T!C D*TfV gjy6fM6e^/JU(S- /VlOpFU 

S* c B^c a k« ^ f e_ ^. 3 

^frLvm % u r .v»5 f^Tfi-eA 

A-l-iy -five **ch 4 -h^. f^rn^cAto*-! 
s-Kfes. 6 

S-UJtu . I : A4 X t -S00^ u, = 2IM»01 *J/jy 

r ri - &3J. 2- 

^VJQ2- i F&r 4^^. v \-^#t- fvvp rc s f / 

V n -- )i v/ fl - tot< ‘*- - WSz? Ui,-(oH3.\S tr/tg 
*T tu T v -§ioa.4 < 

SjV*Xj3.i R>r+K* csmj +».«.+ Kaj_* «l «L(i i"b "Tj = £j^/^j.^7i, - 1341.3 ^ • 

U 3 - IS&O.O ^/^Jj 2.124.0 t^*^- 

SWtv C 4 A^W-* ki-* ^dd, - V«*, T+- I 3 - (M5Xl^n.3) - 2 l%a.K.. 

=*, ^4=1480.(0 c3 /f‘j , v r ^- 2.0701 3 

S-W-*yT - Tar + <*-* is^KV-vw^vt tv. *Vr. Vj- _ Vt Vj _ — (*J <J|2 

=2> Vrs- ^ v,u x (l3,.qi3)(2.010i)-28.S{0 =$> Ur -771.T- kT/kg 

£ A ) Apjirf r3<^ « ^ ^ iF ~ t? * 

OlS^VwtUj-Kt)-- 0 . 0 Mk 3 ( 1580.0-^.3?^- Z1M1 -•- 

C^^-ht) - O.oqftj ( 7480 . 0 , -2174.0V‘^ - +— 


- W* 


<i-r4~r* &<ix&b+h'c 


Flfv^ A c ^ c4-t j Uu> cJU - <D f ^ ci c S T J /* K C -^ Jt**-* M f ^ 1 k 

16^ + fflw)- <*>?! - (^1+ H.7C>)-f 0.PM)t77 l. 7-Hq.O7) 

= 1I.4M k-3 


V 


Wc^cJU 




Cfi; 


Q y\ * v~(.Uf-U, ) * 20.7^ 

-*j Id 

37.K1 +- IM.7U 


li.') U*«l” /sjh^. 

td'l ^vulAwi^a^'ueH^ id 

- -.^a. „. ^O' 1 * 0 * (Msy.) 


6 
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T^£?LEM ^.38 


NQUJM * An doAj.1 «-*jcle ka* a ctrr^preEmvx, 

*• L^i e-et SbxFt. ctt Fkfc i ^ fit Ca*\^ret* v'^vs,, TLc +oU_i 

heai aA*£<f iovk u*vuk v^aa^s iU*-fc -Kml jj^esvuetfc oct -ttui 4u-£ of 

aJxskwA,-L v©tLt^^ k^tcd; o^tdLi+i<h^ ^vke also ki^wv,. 

Fiwt> ■- 3^+^irwuVe fcfcV uj<?vU cwuS "fU* laea.^ *%eieckVu ea.ck p*ir 

UajuV M£AS <mV. Also* -Mi* fk^-Vifc&A e££-fd€rt»j cmaU ck. 1 rori*. 

PloV rtui Coivip*j>r£*' <m ns.TT<3. 

5CHEMATIC j frUJ£M DMA ■. f 


<U\T 


£fJ6[^£^ir\JGr MODSL : 5ee E^^p/e 3. 



foJAtySis * Betj\i\ ky t-Cxi iVjg e&.tU, o-f Au& rpri*\c*pttl sAa-Wc lUg t*jjtW (laUW M&£) 
ilMLi, ; T, = 520°£ tL,* B&.bl BW ik > ^ * 176.58 

For+W vsekN-Woplc ccr^pfieiii(>k\ fc v ri ^iN t ) v f , - [o.s 
tWSj T x -H^B.6°e, LX x «z.b426 ftWllo ■ , o*J* P r ^3l,Sfe\ 

Skifq 3;. Sikce V 3 *\/ x | T 3 * (F? j p*) T*.. To <jgA p^ > uwa 
P^ » (,^}p| ~ IWtm* ^t> t 5 = Aq&5.<) 

tUu^j U 3 * S77.¥ aky/b <u^£ k 3 '7fl0T 5HwUb 

$f<Mc L t » Tk, foFi*.t kaoJt cuActit ku*^ U kvoovu >\. tUjulo 

“ ~Tw * -4- C Uif- U ^ 

-fU 3 -lZfc3.S6 fckWlb 

I 1 ^, T H -4S77*k*R> <xU ^ai8M6 
SfaAes : for F'W. U<ev4rofi;c e*pcu^si<>v^ 

v • v* 

=$> -£ = 224<?.2^ M s = H3l.0BW(k 

KjoaOj+ki VdUjJc C^j £.cKfr\*, jp^AT U\mAt W^Si 15 

tk ^ - U s -u, »43U-S8.fcZ = 342.4 SWlk.*_5si/w 

(UnJL for tv« OjjcXtj vUt^tit a Ku^f u . iWo 

ui 


Wujjt\e_ 

vvv 




^T" 51 45Tfe 


(jC) Ttie \$ 

V^ a ^ya€/rw) fCQhM ^ ^^^<^V(eoo) *0.572(57. Z'/p)^- 
CcA\ TUjl rccb io is 

^/V 3 - TVt 5 - 4sn.(*M(,5.<\ - 1-543^_ 




V\ 
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energy transfer per unit mass {Blu/lb] 


Problem 9-38 continued 


TW cttfL-te, ■U'f +W ^Itsfs <vre oW«umJ t<sin* IT, AS -fe> (iopos ; 


JTCode 

pi = 14 U Ibf/in* 

T1 = 520 II ’R 
r = vl / v2 
r= 15 

p3 = 1200 // Ibf/in * 

Qin l m = 800 H Blu/lb 
m = 1 H Assume a unit mass of 1 lb. 

ul = u_T("Air, T1) 
vl =v_TPf’Air i T1, pi) 
si * s_TP("Air", T1, pi) 
v2 = v_TP("Air" l T2, p2) 
s2 = s_TP("Air", T2, p2) 

S2 = sT 

u2=u T(W. T2) 

T3 / TZ = p3 ! p2 
u3 = u TfAlr, T3) 

H3 = nlTfAir, T3) 
v3 = v2 

Qin i m = (u3 - u2) + {h4 - h3) 
h4 = h_T(“Air", T4) 

V4 = v_TP("Air",T4, p4) 


HOfS 1 



10 12 14 16 18 20 22 24 26 28 


p4 = p3 

s4 = s_TP("Air", T4, p4) 
v5 = v_TP("Air”,T5, p5) 
s5 = s_TP("Air”, T5, p5) 
s5 = $4 
v5 = vl 

u5 = u_Tf Air, T5) 

Qout/m = u5 - ul 

Wcycle t m = Qin / m - Qout / m 

eta = Wcycle I Qin 

re = v4 / v3 


IT Results tor f - 15 
T 2 = 1469 °R 
T 3 = 2971 °R 
T, = 4532 S R 
T 3 = 2301 S R 
Woyce/m = 457.9 Blu/lb 
Q Jm * 342.1 Blu/lb 
r| = 0.5724 
r„ = 1.542 



r 


-from ■fUx^va.pUs +U4 IWvMtti 
iw scenes sflak+W ui’ili. 
t Acreoiiwq r. 5iUce 6Uu is 

lE fOUOWS "fWlJt WwvJLl OOPlAtct lUcVEC^fi. 

r m creases, -YU w^ipjjL. rata 
mdCeotavv -tW4: c^-Vwl WiJ: (wjvudr 
OCCAJJ^ ^tfeCVtWt. 
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PfcOQLEf* 39 

K-outn l Op#r»K*j dn,+c\ pre> v Tded fe.^ a«. <x,i--siv.^'Le.r^l <L^*UL C'fCte.. 

P **■* Q *■ Rjr c^cic 'kt^-per* K*rt. W < 30 oo°^ cU^rv^ne £*j H-^-. 

h**+ ****** j L*t)> + ^ ***■ ujt?rVt } tc) +K-*. -pW*^ Ju*Jl 4~^(J f « c— j t* I T^-l 


jH^irufe (c) put tu- ^oanh K*i *j 
c-| Cl^ V^^Wti 3o©o Tb 

scm^vtatic aci i^i t>AT4 : 



V 


p*^+l w'crfuj 

o°£. 

i5W6[A/eerejAi&- AUPfrPx. : 

£«*e 6**rw-pfe ^-3 

a uyrTS * 

T+-= 3ooo°i\ #i , b^,'^ fay 

fl *fUAV^Ve *£ <-*• pfi+t**pa*% 

Sh^fe 

* 


•S+^kJ: T t ~ Ti&°£ , U ( - SV*i l SK/f^ J vri- (fct-TV. 

s ^ z : TV +*^ >'sf *Wprt «^*i|.>, / v tl - fe/vi>vr ( t O fc <»7///^=(o.4i/ 

/V-76.) “ft i t/i--Ul.feeBk//i 

^‘3- P»r+Kj c«^ s H«t ✓o(oiA^j I'*—* •.«i4«*fc\*, / Tj/ 7^ ; ft/^. , Tiwf, 

Tjil-T,.- X9s-2.t°^ -*7 u 3 = SW jJtTtv/fe, *lj^7?t-fc < } fl+V/6. 

SKVeU: U>.MW7V * 7°°°“*, h H - 79®. 8W <*»/ Vr^ = M3 

Fp<" ■f u ~«- f t»4»Ktpii s i'owi Vffa to/Vij^ ^ j ifc»k*fC 

* i<» ( iHiJ: ) ,/i*.T/r«*> ^ -8.-57<) 

«*T Uy = 2.06 71* SK.//6 


S+»*u S 

Vsr 

Va 



W tv 

TW» VM^gc o f +^-» y^j}«*vs i» olo+T'-Me®! ft <yVS—. 

W)i ML-. $♦•*»'** ^/■P^Ko^fi 1 ) -o.oiraifa 


K-T, ' 7 ISHT fcM** V S1 Q*rT 


i 


l*\ Ua*> ^<4^4 U eoia^. Cj^3 -f Gijy 

Qu- ^lu^-uO 5 o.©3»® ( r»v-n -■»*/•«)* ll8K - ^ Q^-.IJ.S'fShv 

Q-JV-. th 4 „ h 3 >j - o<*mt( 

ft) Sl*Ci — ^eyct-t J CX-* ^ p-** Cjg S<2^ \ |-i^'4'-r ** r * ^ 

Ujc'icjl*— d(vs. — Sin — Sa iv - 

Wi vnep-- {'VLF'at* 








CjcJU 


C<^ 




S1 i w 


7-St, _, o viT- 

12-W 


C«f-U,)c n.SM- o oMlltioiK,- H1i)- 7HStv. 

¥ I = 9o.«ii£ ^ ap 
m,vi 
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mep <lbf/in. a > energy transfer (Btu) 


Problem 9-39 continued 


TUe cUV foi r -fiu(L pLok 

f 7 Code 

pi = u.s // lbf/in. a 
T1 = 510 //*R 
VI = 0.5 //ft 3 
VI /V2 = 16 
p3 / p2 = 2 
T4 = 3000 U °R 

Vi = v_TPf i AJr , \T1, pi) 
ul = Lt_T{"Air J \ T1) 
si - sjrPC'Alr", T1, pi) 
v2 v_TPC'Air J M2, p2) 
vl /v2 = 16 

s2 = s_TFfAiC. T2, p2) 
s2 = si 

u2 = u TfAtC, T2) 

T3 /T2“ p3/p2 
u3 =* u_T("Air" a T3) 
h3 = h^Tf Aif\ T3) 
v3 = v2 

h 4 = hJTfAiiA T4) 
v4 = vJTPf AirT4, p4) 
p4 = p3 

s4 = S_TP{ M Air JN 1 T4, p4) 


v5 = vJPf'Air.TS, p5) 
s5 = s_TPf'Air", T5 h p5) 

S5 - s4 
v5 = vl 

□5 = u JTfAir* T5) 
vl - VI / m 

Qin = m * (u3 ■ u2) + m * (h4 - h3) 

Q51 = m * (ul - u5) 

Wcycle = Qin +- Q51 
eta - Wcycle I Qin 

mep = Wcycle / (VI * (1 - V2/ VI)) * (778 / 144) 


rr Resuits for Tj = 3000 a R 

T 2 = 1477°R 
T a = 2954*R 
T s = 1196°R 
m = 0,03338 lb 
Qm — 12.49 Blu 
Wc^ib = 7,837 Btu 
T|= 0,6273 
mep =i 90,33 Ibf/in. 3 


?LQT5 \ 



14 (°R) 




As fUt oucAa 

iv,c twee, wt 4Wt 4V Adr u> or k 

GAui tolu MAC £14 Uj&W- 

tLp f a* yecuA/t +V IVvivuiul 
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pgo&ceM *}Ao 


IfMQU-iO ■ Avn O-iv - 4 aa.o^ k«.S Icrtou>✓'l Cow\prfcif ( 'o»\ TA+tO Oa»J 

& SpC-Cifitisf sWJ't <xt five, io«/jirinii^ »-f u)t^<e-St i<n*> ■ "Tke +o+olI ^gc*.+ oddi+iovv 

is ^WtW 

Fikh) •. ?lo+ the r\e+- wjv'c per u.*w\- } +We wiea* et4eokve. p/ess u re, and, +Ue 

-H»e,fwot.t e^t-Vie^cu \j-etft\Li Corvj)iT«<iifrv. ra.vvji'nq jrorvy <o -fo Zo fov" 

vayi'ouws values c$ 4 W oV cmvd«cw+ volume +©-Wed Iveat iwpujV. 



Mow, us»J\g twwnjcj bod&Mtex •. Qu^JU^ ' * Ju * Xs - * Qgj , Q»-» ^ 0 _■, ^ 

UlW* <S«i4fvw" w -s* u i • 

yi _ WctyJbu/*^ . Wiwjul ' 

\ /^—“—~ <**«-*. vnep 3 -1- 


t~\ 


(QiypQ-j^An 




r mo j_ci 


Q -*VC<3».vV Q^~) = 0.5 


Fro<v» Taloie 4-t2- 


Sanvflg CaicU.(«.jtO»i. ■ 

0.+ T, = 30OIC J U,^Z14.0T . W* - 621.2 . Tkus V r s^i/^ ) - 6*2.12 . 

Trt-Wj>olfic4*Vv} ** l*Me A-2 2 ; T^TiO K, U x = S3fc.| L37|c_^. 

u ,-- <?o/^ *■ u z ~ 103b.I kT/l<$ r 5 s I3i4-.1K f K 3 *14)3.46 kT/tj 
£u.r4W-, lfl 4 s <3 ,4/m + Uj =■ 1*1/3.46 kT/k^ =fc> T + = 17Z1.I k , ~ 4.526 

%S ''^/ir^^ v Vv^vv t - C r, lv“ x )(V tA W* " ^.4S2 

> Ts"^?.? K , U s *673.55 


tWs 

k)ou> 


W 


- lOoo - (bid.s?- 214 . 01 ) - 540.5" i<tr//c^ 


A 


^tytAe. ( 


v^a 


- 0.5405 ( S“405%) 


it > & . 


W'tr 


Ci kjfc.ir^ 
f 540. 5 kj/tc^ 


to M ■ ** 


11» w 


co.eti wnVIojU l - l / i o') ~ ^ 1 ’ fof?TS 

TW daf<\ -for 4kje re^uu-ed p|o-/s are fitjiUweJ IT, as-fa /toms : 




1 kT 


ID* » 



t V 

w 

IkT 


10 5 


= 0.861 M" 


Vic 
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Wcfda/m {kJ/kg) 


Problem 9-40 continued 

IT Code 

pi = 1 H bar 
T1 = 300 If K 

(Q23 + Q34)/m= 1000 //kJ/kg 
Q = Q23 / (Q23 + Q34) 

Q = .5 
f * 10 

m = 1 // Assume a unit mass of 1 

Kg- 

vl = v TPCAirjI.pl) 
si = s_TF(" , Air hl i 71, pi) 
ul - u_TC'AlrATI) 
s2 = sf 
v2 = vl i r 

v2 = v TPrAir.T2 T p2) 
s2 = s_TP( ,, Air JI , T2, p2) 
u2 = uJT{"A\f\ T2) 
m * (u3 - u2) = Q23 
u3 = uTCAir, T3) 
v3 = v2 

v3 = vJTP('A\rjZ,p3) 

S3 s S w TP('Alr" f T3 P p3) 
h3 = h^TC'Air", T3) 

Q34 / m = h4 - h3 
h4 = h_T( l, Air H p T4) 

TUD7S : 



10 11 12 13 14 15 16 17 10 19 20 


p4 = p3 

v4 = vjrP{ ll Air J, l T4 l p4) 
s4 = s_TP( l, Alf J, P 14, p4) 
u4 = u_T("Air J \ T4} 
v5 = vl 
S5 * S4 

v5 = v_TP("Air\T6 r p5) 
s5 = s_TPCAir"p T5, p5) 
u5 = L^TfAi r t T5) 

Wcyde = Q23 f m + Q34 1 m + Q51 f m 

Q51 = m * {ul - u5) 

eta * Wcyde / (Q23 + Q34) 

mep - (Wcycle / m) / (vl ■ (1 -1 f r)) f 100 


FT Results for Q23 / Q1 n 

T 2 = 730,2 K 
Fb = 24.34 bar 
T 3 = 1316 K 
p 3 = 43.86 bar 
T, = 1729 K 
T 5 = 699.3 K 
Wr^|p/nn = 540.2 kJ/kg 
r| = 0.5402 
mep = 6.972 bar 



10 11 12 13 14 15 16 17 18 19 20 

r 


0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 

10 11 12 13 14 16 16 17 16 19 20 

r 
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P£0&l£M4.4| 

AiV a cold a^-s4a.^a*ci i 'deal S^ou^ox^ cycle u>dk a. $ iv«n -f^tu Kite 

OULct a. specifi"ec{ S7ttie.*Tlic-Cervp/^si/- prteccliwr awl m*Ui 

CMcle t^*tpero 4 -cw? are k.vu>u> y\. 

f C*)~Ua€ 'H^ev-rm/cflPicievtc^, Cb)-Hv£- work. ra'h'b^OMa 

Cc)ifae v\Q& power. 

%■(?! ~ l ° - -2- _ 7^ =MOO/c 






-[ Heal exchanger j~ 



r, - 3o ok 

p, =ioc’k.Rsi 5°"*’ 

Y 

EfrJ 6 -i*J£g^)A}£r_JVtoDf L : S^e Cyanic 9.4. 
vHSo, AC$Urrt«- |t-f.4 a*u< Cj, 2 t.C&S 

AtJAtVSK : Firsf, cWerm»'ne 7^«/n.<stT.f 46 'ft?i/eu«: 
r^.4.Z3) T ^* T, ( * --( 300 ) ( Jo )* = 574.2 fc 

Qb-M V T,f|jJ^.fH^)fA)^1ZS.,3K 

(p.} To eva/ua-Ae '-ft&.rma.i €£&Ct€M.cjj i tAi’e. 

y, „ I _ 

L 4.V, 

4k - **CU a -li^ »vv» ^ct 5 -^ 

= (fc '‘SfsX/.oas-xXi40o-5-74,2Dkr -4141.4 wj£s 

» V^^pCT^-T.) = (b)0< 00‘S) (-tvs. 15 -3oo) * 25fe3.5 


Q 


fK 


1)IuJLO 


v I 


i*u* 


= I 


2 5 £>3.5 


0-432 (48 2^0 


Q,v ‘ 4444.4 . 

£b) Tfe bade. uasrU- to4u> is bwr - Wc/W^. 

W c =^(U T -ti^ - Ai C^CT^-T^ *0yO‘ OM V571.2-306) 

— 1 bS 3 .fc W'i/ 5 

Vt= ^ 1 J-vvvC p tT l -'rt ) )^Cfeyi.oo^(\4t)o-Tls.t3) - 

bu)r ='^ £ -/w - _ 0^\3-7^_is/* 

1 ^ofe^iS 

(c) "fW v\ef jpouw*' ^eveiope^t is 


VA/ 


* ’ * * / v k 3 "‘ j l ItW 

Hc^w >Wt-W c =^0W.5-lfc83.fe) 3 - It^ 


= Z36S.1 UW. 

wc^e-lr 
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P£o0t £*A 1-4Z 


Si&c. fVobjevn 9,41 

/T Code 
T1 = 300 //K 
pi = 100 // kPa 
rp = 10 
p2 = pi * rp 
p3 = P2 
T3 = 1400 // K 
p4 * pi 
k = 14 

cp ^ 1.005 //kj/kg K 
mdot = 6 //kg/s 


<?o 


I 

s 

> 

I 

u 

% 

-ft 

E 

£ 


T2 - T1 * (p2 / pi) A {(k-1)/k) 
T4 = T3 # (p4/p3) A ((k-1)/k) 


Qdotin = mdot * cp * (T3 - T2) 

Qdotout = mdot * cp * (T4 - T1) 
eta - 1 - Qdotout / Qdotin 
Wdotc = mdot * cp * (T2 - II) 

Wdott - mdot * cp * {T3 - T4) £ 

bwr = Wdotc / Wdott 

Wdotcycle = Wdott - Wdotc g 

i 

IT Results for 10, 7\ = UOQ K | 

T 7 = 579,2 K 

7i* 725,1 K 

bwr= 0.4137 

rj - 0,4821 

Q in = 4949 kW 
Q mjl ~ 2564 kW 
W c - 1684 KW 
W, = 4069 KW 

W cycle = 2386 kW 1 

friScussina t % >. 

Qn) Tl%€vrvi4| <v\ju 4 Wdc UXvL | 

vfickc bfrfU tucre 6 ,S€ 10'rflis 

Ca'w^-r^'SS.oi" oressur^. <*.+ -a 

~fUa Ktt fyowW exWMnH «. wio^ciVwwm | 

i\a4Ua. yoa^<. o£ Vp sfueUe<t . 
cjus<> i cno Set- -*?. u> 1 2 <v>c<£ £x. 9. S. 


Cb) ft)/' -f'’**-4 £4rAWivr#trv\ 

eftiaeyu, of fVe qjM a’nr-s-jaMiiMzf 
WjCle it crHsWr wjMHUt; 
wtfrW- ttd-u iv\cir€AS«. ^e, poi/jer 
fviurfiates cu we-M ^ T 3 
'fke. puaev ix (^ryt5fawr, bt4 


ClACvlbiAlW. 


1. 

c 
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Pj^aLtH ^.4? 

-- ou » -—• povwor a-cjelopgJ, <*.*.A -Hk. arres*u.re raKo a^-t IcnouM for 

<Xw. »4eiXl O.MT- S^v^clAirct Gircuyfftv! tattle . X^e r>T, irtirouivv dw.4 

'wjxjx i w\ u.vv\ fe*v'^ar^.f-uves ar* also d k.vLOu»\. 

F 1 ^' D-e+evWne, «M +U«. -HvevmAl efficient* (M+kfl- mass -f-lwo 

®f 0-Vf~ j £C) -i-ht *\c^ poujtf d f q 

scHeM/ync 6 fciVEjo data- . ^ ^ ' ZH **° Bkl/U 



> 3000 °R 




* 

: T *' 

neif e*£n4rpger 

t 3 I 

ii—..— 

J 


3000 °fc 


T, = 5ZO D R. 



gjJ6fAlgfigiftJft *|QDei: je* ex^wip/e 4.4. 

AmALysia *. Fn-s+'j-Pv.x eacM of- Kva prmcipaf shx-fes ( Table A- 2z£). 

.54 ale t ~f t - 5 Zo^fZ. =£> h, =■ ]2.4.2."/ 0fu/lW ^ FV, - (-2IV7 
S ^ a-fe * 'lie^fnsptc Corvpr^ssicTK.^ p ri AP*/ft) p n - n.OOSg’ 

Tt u*s> r t = (092,? K t -Z(„^iZ. 0>u/lb 

State 3 r 3 = 3>000°R =t> b 3 =.-jqo,feg ©HOtU , p rs = 941.4 

^jrt4e 4 , 7=0 r 4^0. is evil-repl*. e* pansio-K. * (Py / pj) />■5 =■ (el. 14 

Tkus, Ty.= IST$ a»U h* * 388. G>3 0Wifc> 

(fU flae. +k£rw\&( afficien,^ is 

V\ = l - £22*1*1 . . 

(U 3 -ki3 


Q MA / Vi*. 

= . _ (32?.i>3 - 114 ^7~> _ 

nio.w-a 04 .il> 


-o.nn (qq.«7^ 


K 


(bl To det-ev'irvuiAe -Hie "mass Eow |naie of air, s-Urt unlU -H*.^ of 
(%eAt cutcfcfton 


"m - 


(5i'i 


m 


C Uj-Ui'i 


( 3,4v to* BWU 


KVi 


(iSQ.foS-lGq.l-MBWIfe 

= t xto b /fc/u tf _ 

(.cl Tbe net power Vs 

^ctjde “ A f _ C V,,-U,)3 

= (fc,457*1 £>*)[(7qo.feg -388.1,31 - ( Z<*H. <t- ~ 12H.H )] 

= _____ W t^clc- 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 








































Problem 9-44 

Known . Tkc tvtf pc w«v ^ev^tope^ clw<J -f/-i pressure rctfio aye Icvu^n for 
a coU ^e. ^ auJ 

m<McufVLU^ a **. >Uo k-K<5voVv, 

E.V.NJt> '. T’t'VfiVwv.UAe. tft.1 +t^L , H s 4VvwjaJ t/Z-LCliuitu ib'l The. touts 

-flOWfd^e. ©t - ClV", U) +he l>\e1- peuxrdtvtloa sd. q 

. ,_ . 1 £«l-V f*to**ki/k 

^CUewA-T' .c ^ GAV/EU DATA 1 



P*|Pi»l*(rr 


-r 3 =3oao“ft 


T t =Sio 9 (l 



t 3 - 3 coo °c. 


Turbine JTT3 ■““■£> 


X~5ic c R 


g^fiiAlfiegJAJg. mode;, i See. 

SicAivpIe^,^ /4Jso 4 assume, oowjffl^t 
speeiftc t\SK+S 4v - lw,ftteM, aX B^O°e. 

Sv 5 1 Fro*>\ T"<*-Me A-iOE^ |c = liHot *aaA cp - £1.240 0h<-/ U»-°/C , 

T* -5zo*( 2 > aA>~c(. T 3 ” 2 .S©o°ft c(.ye *Jivei\. Foy* fkij uewfrMie 

jiroce^S ^ 1 

r =- *(t!u T » ‘ uous 

A-t&o > /cur -fha. €i^frtsp lc. e^cpoM 2ieu. 

- (^)HP T3 - inos.s # < 

(£-) Thx fhiLyvvtfiiJ €/fiCi'euc^ is 

1 ^ 


V L = 1 - ( ^CS5T7£ « esio (SVO ?.) 


‘hcJ’criSSSr 4 + ‘‘\" UW ’ **" raf * rfa,r ’ sW+ “i* *« «»« -f 

ClMtlQ* BhxJU) 

yy\ —™—--—- « ------ - - * _ 

c P (r 3'M 3000 - uoc»,$ 

= 1,483 k/ o* __ 

tel The power i< 

- ** * to y icT 5 -T 4 , i - tr,-T,^] 

e (l.4«JiMO fc )[0,vio)t(5ooo- \H0<\,$) -(««,, % - Sid)'] 

= t-gOlttiP* E>WL u 


v\_ 


W\ 


c^oUl 


^ P") 4 ** ^ Wccw^e4 Wi+U 4W ^ 

to see etfecH 4W ft&svuupHowi of ^Wt sfcd^t 
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PPOSLCK ^.45 


e fo ouj K-i : A -r\ ; d»j>_A c»U ex i*r—s-W.*\ 4*^-4 8r^/o^ oycic. hAt A*vocu»i 

i^unAv^ut**- t jrti.b/ 1 ** C OL, |KH/U|ft -f- C 43 

+u ^f^r'^viu r%c +- u*o#~jc t/'04+ tj-f 

F ^ ^ - Dt-Ur^n^. Ja-i -fk-* ^or ex*^4 4-W'bfne - uj orfc p*.r u 

vf fto^ j Cb ) i JLffSu Jt*.c+j, CO PJo-f+Ka -f-t^ ^o-C «-ffr'c*>« 

Vf^ ruj |‘ |« v>*** c yc-£c +<= ‘-'- 7 ? r^ rang,‘ 1*3 fro*-, J Z-ffD -*d / S C O K. 


*2 




gW6 1 A; ES£iaJ 5- M^PEL: See & ?.s, 

ANM^Sls '. Firs^j de-4ernrtme +Un u-uvU-hjou-w + e.*cxpa-»-a'k<Tws a.+- priV* tyxxC 
s-^+es z, O-uut^, Frorv\ -{U&. 30 lu.+Cc-n. ix> E^^u^ple 

‘ U_ 


/t _ fDl \ , / lSoQ \ ?.a’,H-0 

pf \>i j ^ 300 y 


« lC>.‘7f‘? 

h-1<H froy* Tafete yA-20- Fbr -f-(m. ^■en.'firoipi'c. congressinw 

T t * (^)~T ( » t70,8 *R 

Ov-A ’fbr- Hfl. Iseu+reytc enpaMSlVvx. 

Ti * * T 3 

(tt) Tk corwpretso^- uJOrk. j»«V' (JjujJ*T lA-ui-SS ©f- &XV' £C£fvo‘'L.S 

=• * C r t.T ll -T l ) 

~ ^f.oos ItT/lcg-ic^ tto,8 - 3o°)k =■ MZ.fe 

M -i 


3cw.C\a.'<'^ ^ ^ot" +Ufl- ■Ux*‘kvv\e 
' W-twV> 

vs\ 


= Cf» C Xj - T 4 'i 

= £ 1 . 003 } C1*500 - blO.8} - 033.3 l^r/kg ^ 
Cb) S^.*M.y +*%»*■ urn'+K > y tu« ■j <lT 


\- l “ 




owny 


o-O/*- 


I!*)*-] 


*-\ 


1 -a-V*- 


t 3 j 


-- i-fef ' 0 551 
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Problem 9-45 continued 


( c)TUe tiprtsu c*\ for V[ 
p 




IpLri CM is plo+fe^ cumj (T arav^ plo#mg 


0.6 
0.5 
04 
sr 0.3 
0.2 
0.1 
0 

1200 1300 1400 1500 1600 1700 1S00 

h (K) 

see 4W4- Maw *via( e££ici£i/\uj n/ureAS^s wuK\ mtreasmj w\c\xjw\um 

oude +e^p^okxrc. AUo } Aok. ideaJi^<^ co^e v\ t5 

of M*£- \tcdjuvi k * 
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"PEOEUeK °i-4b 


: Aw Ue<4 cold a\r-sUv-cWct 6rcuyW cycle \\ ai^Ujzed. 

rmt: sWocx, +Wt +W. b«.cU. LoorVi ra-ko +W ra«© dV.soW.-Ve. 

+e^ora.+LcveS <x+ 4 U. cev^ressor UW+ **JL oa+l-et. 


SCtfEHMiC j ft 1 \/Ek) T>AT/V 


g ^6 (fJ€£i? J MG0€L *. $ £e~E^xtiLwp 


^JAOf5i9 * Tka. b^cL* ^oortc rccK d as 

= ^CT,-TO 
^3- V\ M ^<T S -Ts> 



b v>>r 


° r bu,r - hS2±jJLll 

^4 ( T3 ('Tt+ - \ ) 

i~° c "Hmi i ictvW®^ ic_ ^TOc-e<;ses 

_ fc-i 

Ti- ^ t 3 

T * \ P- ) TW 

tW . _ Tt 

bwi - —— 

* H -?- 


bujr 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















P£oG LEM 147 


ICMOUJfO » A\k vdt<£a( Qr-ixi^Vcrv^ cytle Wo ak-HOum Co*vif*fc$sor 

TnW+ F <Xu<_ci a. Ur%-OU>^ i*v\U.*w. 4 Jl ^r , Win < a. iWlc.4" 

IfiAA^p^iraWM.V'C . 

El Nt> ■ plc+ +(Yutk WOtU, per U^VvVuGl££ C>£ a ir “f^Ui GuoJJ Mx£l 

’H^ii/vwxl eW-icieu«j versus u>mk|iress<x pressure: o*+\©. E$K*Mrk 
+W ^>r£&&w.ir«. Yuxio -fonr H^auyM vwua*<_ iaX^T ujDrlc c*w£ 
Corfesponiiv^ lUeirwuxl eW-ukawj cvs^S uoi4U. cl 

Celd CJUV—SV<HA^Iaire^ ttW( Laj £ i s, 

^cHEMwic. i fcivEM frfrT/V : 

J' 3 

'Tj-ZWdT 






Hea- tJctungw 


Hejt mcMo^r 

_i_ 



iboo^a 


tuiijirte 1 J 'ti-c^> 


i ji a S 

£m&>W6c.^iaJ£. wqd£l : See Gya-w^le‘T t' T 

AA/A-LVSIS ■ Sajjjgjle. C&Zcoul a.f-<cvu . (^./P, - 12. Uiiwg d,ajf^ frotvi T«Wc 4-22S 

+© flic e*cU of -Htfl. priwciftfif s-ja.4«S'. 

I T, = 520°R =*» *i, =* izq.2.7 6+u/lt. , R.,-/.ziV7 

Sfg** Z, Fb r~ fba. fsetfc+ropCc. Cot*f *•*& t *v-_, p fl = (P*Jp,)p n = / V- 574-V 
TW>, T t - I0M7.S°R a«^ V\ t =• 252.8^ 0Vu/l$, 

$-M* ? T 3 »2boo •£ -$> t, 3 0WU> .,/y 3 - Si3.5 

gjo-ie. j for +W tseu+rcplc ef-paws t ', p r ^ *( P *»/P 3 ) /Vs = ‘/Z-Z'JZ 
T y - 1311.Z °R h v - 3 h 2..&‘} &Wll> 

Tltfi Vift worW. pavuuult vulacj o? ACr VWvJ I*. 

'^‘tjcle I vU - tV\ 3 -U s ) - IW-UO =.Z03.Z3 BK/lt 
<\v-£ 1^-s. +W4vw*cJl ef4it\eiM*j is 

v - o.^o M 

T!(* dojfts. Wr 4t\Ji r-e<^o^«^ plops (/.re obUuMeJi ITjO-S follows'. 


IT Code 

T1 = 520 11° R 

T3 = 2600 // "R 
rp = 12 

mdot = 1 // Assume a mass flow rate of unity, 
pi = 1 // Assume a value for pressure 
II (any value would work). 

hi = h_T{"Air”. T1) 

Si = s TPCAii-.TI. pi) 
s2 = s? 
p2 = pi * rp 
s2 = sJiPC'Air”. h2, p2) 
p3* p2 

h3 = h_T("Air”. T3) 

53 = 5 _TP("Air", T3. p3) 


S4 = s3 
p4 = pi 

S4 = s_hP("Air\ h4. p4) 

Wdolnet = mdot * ((h3 - h4) - (h2 - hi)) 
eta = Wdotnet I Qdotin 
Qdutin - mdot * (h3 - h2) 

f T Results forr „ =12 

h, = 124.3 Btu/lb 
h 2 = 252.9 Btu/lb 
h, = 673.6 Btu/lb 
h 4 = 342.2 Btu/lb 

W /iri = 202.8 Btu/lb 
cycle 

n - 0.4821 

Continued on next slide 
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Problem 9-47 continued 


Plots; 
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20 S 
2Q6 
f 207 
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| 205 
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203 
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201 

12 13 14 15 16 17 IS 10 20 21 22 23 24 
Pa / Pi 




p 3 t pi 
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effL<.\t^£le^ are v\eaH^ 
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PR0&C8M 4,4q 

joootou: Air eiders a c©W arr-skiM^rtvd #r<i ijf©vi cj^cte cxk a. spGc'ifieJ 
W H-(a a, q \y-iyv vrnsj fU>uo nafe ■ TUe. cov*pn?szar pressure, rcufto 

jMA^fVviWm ti|(€ <2.me lcy/Vo{i»\ 'rl»i. COWjfltfc'fWt'" dAi<^ 

hfl^kCvrlrepic 0{£l£ievic/es ©£ <9.8. 1 

FiMt>". "Z)*W»Hm«. C a) -ftie +hcr« m«^( tfflf-'aencxj, (pJ foctet- LCttrfra£<D,(c:_) -/Le. 

vi etjpouJer i aMd Cd) -f^e mates' ©£ e^ey^y V - M 4 ^ cefuprex&r 
c/*& HJUrb i'ne -»r T£ -Jcofc. PM* A«e ^uan.4vhes vS. jfc * »j/ rat# 
'fr&rn ~to ■fci£>o e /t> 


Schematic A 6iVEn_1>6£ft : 
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L —- ■- \ Heal exchanger J- - 
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p, = io& k-Ra. "j® 1 " 
kk -4 )^/s 


V 0 - 6 


71» 3©©* 


PkircuippgiMf^ model : 5s*E xample 4.4. Also,*wume k*M av4^> = /,Co5 bJ/lc^-K. 
AMAtVSLS : first ( iMormmc. T^au^-T^ > *£ -CoH ews *. 

Cs^.6.23) r 2s = T) (3ookl0o') = STi.Zk. 

Usmej-H*-*. Cdm^im©ssenr e£f-ic.!ev\o^ : l^ c x Ct^.* -T« ^/fr^Ti^ • Thos 

T t = T J 4CTa. s -T,')/v^ t 5 300 +('s7 < ?.2-306')/o.8 = 443 K 

^JuVildmUj L^»j lArl 

O*^) T 45 = =04do)(t^) l ^-~l2.5.\5K 

a/ ^ T 4 a T 3“^ T 3" T 4sH-t' Woo -(MDO -125.13)^0.8) =S40.1X. 

<°o To ev^luA^+Wc.'fU-e-y'yvut^ e-Pf ic/e/n<^,wse. J^=|- Qo^/q,^* 

Q* = vCv cu - avn^C^-T,) X fe ^yi.©as g^04CO-64^< 

= 4SZ8,5 kr/3 

4x* ■ ** (h 4 ~ 1*0 - * <j,CT 4 -T,) * CkMLb OSV640.1 -3c*} a 3 377.4 K 

A* l " ® #M!, /s%V * 1 - ^^ 1 , ^ 3 * 2 S.S = 0 . 254 ^ 25 . 4 %}-*.- 


T^e. ba.de. iootIa ToMd - bwm = ’^ <L / 

W^- rviCU^-U^ - vv\<^Ct 5 -T4^ (^O-oosXttoo -fefco.i') -3 ZSs.(p 1i f 
W c * V^CV T -U^* M^CT x -T^<tKt- O0S ^W-^ 00 ') = 2104.5 Wr/s 

bwr - w t / r ^04-5/3255.^ =-0.444,^ 

CCi ”tU^ K4d~ ^owev' (^eVoX^J ts 

V4 lt U i W4-W c =f3iSS'.fc-2l04.s'i?' 7^1- USI.I ItW,- 
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PRDQLGM 9.50 

kjoowfJ : Air timers -Ike cf an. ai^-$W<&tvt# 8yxu^ot\ ctjcte ai a ^ecififti 
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PfLoBLEK <\*5Z 

A 5^^ -f^ b is C*\ <X ^ a tr - 4-fu n dj^r 4 

fr a*^ eittr^ML V*'*usp*0 int> 1arf Cn-&u>^ 

vari caaS locfl/iortS , ^ * 

F/^t) ■ f*) Develops f%Att ACU^ n K^ £jt€ 

i*\crea£*f o^ 4 ’fK-fl a.> p*£si r ^] -f^j -fur bin* 

Ca*\bvtfar ; 0?j de^'r-e 'Cv'AflAi-fe *=<t^ <£^«ry*h'C 

-fir fk* b«rbty^i c^c fe . 

SCHEMATIC 3 6-U/fiAJ DATA 
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p,- ioo W. p t 
T t 1 5oo K 
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F v - ICO tP-v. 


£>J6lJJE£ftJM6 - 

mpD£.u : (n cacti campone*-it i-s ania ly z.e<a a-s cx confrt>l uoLame at 
5/eft.tty fiftcfe. .(2.) TM€ com^essor and fu-r&iiie 0.n acUat) alic .(aj fcinzhc. 
a.njL ipoMrtfia./ energy eflecfs an? Megt/jlMe. («) The workup -Pfui6{ 1.1 ctir 
■vvwd^te^t as avi tcJo_a.( QO-f . (5) i_e,f To - 3<9<D fc <U<i p 0 - loo t-Po- - 
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Problem 9-53 continued 
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PROBLEM s 54 

A 3i'»*p/C rj OK <3* / - & fran ^ ^ fr'c™ 
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)«i<i«/>i -- (. l 'rW)' th r l i) = fez ' J3 G4v//i 

^/ h^ ^* t^4_ 

yLo^C ^ 

CW-h.) - T. Ccs o + 'S®)- R ^/ p 0 

g-J.lt 0^//> 


£ Ke( - 97 AliO w C*rr,f<l o^* cy i+Vv+<«-v. SK^aw 

ri jU “ 


iajlV ^ ^ (J*! 


Sw >^v(t Vt| * 

* t t^pu^ 1 


CD 


^Sflc 

« Loii 


it.s t. <*W/* 

tt.l 3 HW/* (3?^) 

1,3-0 > #^*//i> t , 3-? <, /») 

Si. is- HtyA. tA'i.r/i) 
it>. (. '6W , “ 



(> c OAT, Za^fTTV* v\J~* 1"^ ^ 4cU^r*j*6 DU,'j lA*,^ Wf 

b* <WpJoCU4 *1V ck uU S^JC .^<*7 o^b^j_ 

rwt*.i^t a CotvibmfH cvycfC as drtrtosf<d w; 
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PKO&ce^ <*.55 

EMOtOM : 

z,f>eciticc{jstzK 

oMwioa o'mum tMOle^^pa.ina.iiAre are Icvvouju. Tlte.'covHnr^cr <y*d.fartu* 

y\a,v& Uewbvpie e.f?-tc*e.Hc.ios e£ 0-8 -ft** focimera^r effectiveness is 0.8 

_» - *-! U -fin'.- . yltj.l. lJ _» ._ I. _1.* . . ,( 



FiMfo - De4eov\me +ke4keirvvxju( e&taeMo-j, C^lkzbfoL. \ocvi vcri-io, Cc.) Me 
Aet pJtwer a.*ACd') yak .©f 9 t&sbruc4ir*\ inMe. re^e*\artcfar far p 5 . 

§ <?* > ' A ^ A - 


■3COJc. 


g OfeHATiC $ &UM*J t>A-T?\ 






* 


fcLW 0 -* - Laki i 





^-fcWsri 5 T,=-iCOfc. -r --a/sftfc- 
^-1 f^fookl^ ~o“ 30ofc 


^p«aY/c liGitfy are U =1.4 &M-4 <^>a 1 .O 0 S UT/U^-K. ™ 

AtJAOfSK : Tte >uem be^e*f skiles A^e-fUe £av*<s as I*\. fVc>yem ^M*?, T^-e. 

r^leva**- (iak are.: 7^ = 6 >^HK amX = 6feo.l k. • 

To -f-iWl Tj< itse -Hie r^enevTftior ef(cc+»Ve' v 'jfcssj 

V = W-k* - #CT*-7V> ^ __. 

-- Vy-Tk+h 


A-Jr 


•xT^cni-rx,) 


r< $ k 4 -U z ' fifCT^-Td 

Z fe<W-f£. B)(S60.I -64*0 = S/7.<?k 
ror-fUGOmfro/ v^tu-me e*.ci©s Mj -file feCf&'*mxk>r 

0 - yU Qh•^*U A )+^U^-U»j\J 

D = Cftr^T^ +- CpC^-Tj^ = t 4 - £ 

fi; n -V*<V C “ , V' T *'> -& QYtMS ^ Kl4D0-Sl7fl)k c 55IOJ 1=3/ .s 
* r % fcg ‘K 

<W-^CpCr^-T.'i = 0)( i.oos'iCfc^i.i-ioo) -iSsS3 kTfs 

V 1 - °°*Va;* m i-^ S8 'Msh,.i = °- 3zfi Cs^.8%)*- 


H 


00 w c CpCx^-T,> = ai04>S LJ/s ^ W t = vk Cp fr 3 -T^ - 32 . 55 . 4 , L^/ ^ 

tujv - - 0.(c4t>4 «6 - - 

C.^ w^--w. t -W c ^ 1151,1 u,A/ ~ - - —gp k 

0^1 for 4Ue re^e/^ev-a-W : O yVife^-S^)+("3^-5^ 1*1 +(2T tv "\ 

CHa) - Tofcv) = T c VV\ ^/ T \^- ao^ip^ Cp 0u(5/ T+ y ] 

i 22.^5 UW«*- 


If-j 
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PRO(iL€fA <1.547 

Aw- cowupr^sor ef o- ftgener^Ve a\r~s{<xvJard Bro^frr* cycle 

(jt A. SpgCuf iee( sf<*^€ OMci. ft. ftlV£V\ \/otuVMivi.C 'f U>u>ytLte .TliC COVv^V^CScV' 

E ^SSuV-e vuKo OA^Ji wi«x}(('kmu»\ c^cle -f®w^>ev'<j^u.v'« aye Lv^um . Tke 

>llrp*"CSS<E>/" 0.vuk K&t*.+Ttipic. sTC i <L-\Ji,i\Cic£ d*'Us/~H / ie. 

<?$&Dfw£Mtss arc . 

FlK)t>: T)f,4j^mvV‘e (eO-tW- qjbwer, CW-H^erate of Ueal ruWU lin*^ cwu4 Cc'ytte. 
•fKevvHoi€W-icieuog- Tlo-f 44ese ^ua^U+i'es i/S,wwmWe£kcf iV« m«ss 
ravwvAQ -frcw O'Ao idoYb. UTstUss. J 


reiwjVAo 
^gp/,nc ~d^A : 



O—[■ 


i ®ii"! ^ r ^' o,6S 


(Av)=W>45 



0.^5 


V T,'260t: 

- 1 P, -0,8^47- 


tHQPei . S«^2 £*«**>!« <?.7,Mso ; yoftl, = 0.35. 

AMAl^Si S ! Ft**?f,-fix COjtU crf-'t'lrve •pv-Jy \dfipaJ s4«^C-S. 

S±aku- T, -X8o\c K, = -2-8o.i 5 k<T| kg I.088 <1 

S rate .2.- p rii = CPi/p.JPr, 3 Cto)C|.o8Sql= 2l.m8 T %s r ^ 4<? -3^, 

lAs i*hj 'fKe. vs «*rHro j> Ic. Qx/v^pwfftar effj c-ie^uuj j l^ c = C k U, 1 /C ti x - I*,) ” 

U z - In. + flv^i- ^^/^^i^O.o + ^S^.IS-z-So.nVco.-ii) 3 &42.04 kT/tg- 
Sk±£_i: T^-ZIOOK ^ li 3 = 1.3T7.-4 kO-/kg , y r ^ i.ss^ 

sh>fe . l * = (_ P 4/p 3 ) p rj = f^)r 2-s 54)= 1 - 1 . 7.45 %> T 4s = 1014 . 2 *:, loTT.4 

(ASiVi^ 4 -Ue wetAWiopic -KwWne cff-icie^Cij ^ ^C^-tuO/fU 3 -^ 45 ) 

hg= ^ 3 “ 5 n -fe^ 3 ~ ^4 s)= 2 . 377 . 4 -C<>4s} (2-3714-1074,41 = U44.3 LjVL 

$W^X; Frov» 4-l\e. v^^.»ieYa4or effect WeMess j H = 

^x= ^a + ^r-Oj^A'^O * 612.t><i + (D.eS^f h^, 3-(,g2 v o<j) - tOlt.5 


Vv» 


for), (AT), p, 

Cfc© • v,, /s)Ct>.8 

lO ? N|rw a 

l UT 

^ " RT, 

'M^so^ 

) b cir* 

lD^ N ^ 


= S<^.“13 1 ^ 3/5 

CM W t -w(\A r U 4 ) <54.7,3 i^Xz377.4-1144.3^ |V^| s 7.3t5w/| 1 iV 


■ c = =C^.^ 3 Yfc 32 .o^--^so,t 3 ) = 2 . 4 <,i*,o*kW 

W ujc\e = W t -W c 3.-4 AoAX/o 4 UVJ *- 


cJ'C 


CW a; w - VrtCU^-Uy > ) =(s<i .7 3X2.377.4- lo 7 fc .5 s ) = 7.770 Xto 4 UW^_ 
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em 9-56 continued 


4^6* r VY\£il 

Is ]^=Wwjde/ 

IT Code 

IT Rebuild foi n f«i = 

T1 -280 UK 

m = 59.73 kg/s 

pi = 0.8 // bar 

Q in = 7.768 x10 4 l 

II 

ro 

o 


p2 = r * pi 

VVcycks =4.903x1 

p3 — p2 

rj = 0.6312 

T3 = 2100 //K 

h-, = 280 kJ/kg 

p4 = p3 / r 

th = 691.9 kJ/kg 

etac = 0.92 

h 3 = 2376 kJ/kg 

etat = 0.95 

^ = 1143 kJ/kg 

etareg = 0.85 

ft, = 1075 kJ/kg 

AVI =60 // m*/s 

hi = h TfAir, T1) 

120000 -p 

si = s_TP(”Air“. T1, pi) 

s2s = si 

1G000O - 

s2s = s hP("Air , ’ 1 h2s,p2) 

h2 = hi + (h2s- hi) / etac 


h3 = h T(“Air“, T3) 

| 80000 

S3 = S_TP(-Air. T3. p3) 


S4S = S3 

Sf 60000 - 

s4s = s hP("Air.h4s.p4) 

& 

h4 = h3 - etat * (h3 - h4s) 

I 40000 - 

hx = h2 + etareg * (h4 - h2) 



20000 - 

vl = v TPrAir.T1.pl) 


mdot = AVI / vl 

0 ■ 

Wdott = mdot * {h3 - h4) 

0 

Wdotc = mdot * (h2 - hi) 

0.7 - 

Wdotcycle = Wdott - Wdotc 


Qdotin = mdot * (h3 - hx) 

0.6 

eta - Wdotcycle / Qdotin 

- 


K 


Q.QS. Hr “ 0.92. and rh = 0.05 


PUCM&SIOK 

tUc. s-W «5 oct-^U-e m\e+ 

• ©t- -Hue. c© vuo resSor tlwJl 

-ftuv^i^c^Aspet+welij, are. 
r>o+ cWtv\^t<K as. 4K«. re^wevtdor 
efteetweueSj cUrtA^es. Heinee, 
-+Ue. povucv' U crm*kxyv/h tAcwev^v, 
as+U. re^evertaior ePf4cUve««s 
AaC reases # -H».e_ jpecfcf ic<*cHu4 f>s 
hy iVicrea.SeS ivu4 t«s heat J 
a.d.J-rft(ni »s r-c^y-ired iV+'ke. 
C<rw\)iAs4*/’feKV^r‘W k^ccf 
adj^urv^) . result ts <x- 
^^S-WivHccl n/iCrea«e via +^- 
v H A ev*vxl etUeievAeij. 


>* 

i 

u 

% 

TB 

E 

D 

£ 


0.1 



0.3 0 4 0.5 0 6 0 7 0 8 
regenerator effectiveness 
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PRO&tSM 9. 57 


UfiJOu)k) : A regenerator is '{incorporated info -f^e cycle. ot Problem *?. 57. 

PIMP : P/of fa) fhe. fber/nn/ efficiency a.n.cl Ct) 9Jte percent decre«e. in 
ti&a-f iX^cU'-ffb/i, K-£«Ui regenerator- e tfechveness. mny'tng 

from o tv l. 


$amm£ i & vbl i mz& - 

T 


^TWin/ 


Atg«n«(*|or |l 0 i Y\ ^ j 






Tuxbir-e 


Crc^« 

Ht* • Bl 
Vt<, c i€.- 5x/o fc au/t, 


6pJ6IM6BRiU 6- iHPPec ■ See Exarv^le 7. 1 . t,= SzO'TC 

AA/4Z-V&/S ! Consider ffiC. Sample. case of /[r«g * 0.18. Tbc numbered slates. 
<Xre -the same as m Problem 9.si. TUms 

h, z UV.27 Btu/lb t b x - 2<?2.76, b, = 6 HS.iB, h v * 356.5*7 

The specific 6 ntbaipy h v rs unn^ +/te effechuenets • 

ln x ~^z 


U. 


=t> l^ v ~ ^t_ r€ a( U 4 -U^ 4-U,. = 372.53 Bk*/lb 


' r *5 ^ M -Uz " r ‘ v ~ ’ Lr «e’ 

fro/vi an eu\ey^Lj balamr^ 6+t f/ie KtjeuerAfrtr" 

rh^ ~ 306.8 0ht/lfj 

(A) TAe ftieriH«.l efficiency^ 

A = j - = 0.3*18 £3<h&%] 

(b) lUe percent decrease in be«.f <xdd.it ion j-s 

% decrease. = — “ l ~y ~k ? yt °o s «.»*/. 


Th* doia +ke plcrl-s are. 

ft Code 

pi * 14 // lbf/in.* 

T1 = 520 // °R 
p2 / pi = 14 
p3 = p2 

T3 = 2500 // a R 
p4 = pi 
eta w c = 0.83 
etaj = 0 87 
eta^reg = 0/78 

hi = hjrfAir, Ti) 
si * s^TPf'Air", T1 P pi) 


olo^iue^ U$(H5 IT, as ^otLoiof; 

s2s = sJiPfAIr". h2s t p2> 
s2s = $1 

h2 = hi + (h2s - hi) / eia_c 
h3 = h TfAir", T3) 
s3 = s_T PC Air, T3. p3) 
s4s - sJPC'Air", h4s, p4) 
s4s = S3 

h4 = h3 - (h3 * h4s)* etaj 

hx = eta_reg * (h4 - h2) + h2 

hy = h2 - hx + h4 

eta = 1 - {hy - M)/(h3 - hx) 

pet = («h3 - h2) - {h3 * hx)) / (h3 - h2» * 100 
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PROBLEM °l S8 


Ellit: Skouj W 4W +W«~« tffici^c, c~- W. e«,«W „ 

w)Ut/e v lj *f<sssw,ve mKo ojwJJ t * l~J -r a . x_ u 
W wwl intat ** 

5-C^gM.AT\c. 4 6>VEto DATA : 

E.M6lM€.£gl|J$ - 

~ 5arn«. a^s i»A £k<x.imjJ*. *?.7 
©ccept V\ fej ^ loe/c . AlSo 3 

C<*vvS*Lwt SfX-cCfic ktcch,. 

A^MVStS : Tke. +t*LrtWA.I efftci^O| oi 

+Ut \.<XettJ. eddy <Xvr'-s4du»xta,rct (lmcI-c. 
ctMA.be ** 

vv= l- * f7 ir T i> 

WHU ^rco = 1000/0 J> T* -T h ol^JL = Tt 

X=l- liZZi = | T, (T>/ t . O 

T 3“-r^ Tj (i-T v/t ^ 

xf r = P 3 f^ j rW iscw-Vropic. a^pU- 

^-r^> 45 

K T *uri Vi-w; 

lW WftxWAe^ -|-cr»v\ is «>V -t-W 4tsvv^. 



"t^AJULO 




Fm «.U 
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PRoELE-rA ^.5^ 

au/iJ 1 c£fl_^fl„. ckf'^ pro^. dcrd -fta*' d. &*-*£ 1> f Ayfo^% cyci^ 

^° : 0#W^«C tff, ^>^ r7 ^ e ^ e r 

^ tfl Hc--^-% , U) ^4; - ^ S' ti /^j H c = V ^ / ^Cj Hc-^%, 

&. ^±**n-br u^.'tti ^re^^i = g(jV B .4 
^C^1jviA"f iCA TZft^rA ; 


Fbr (a)^ /* Py q,<o 

^ 0») ^ A> r ?^3i> 

fSy 1 £tj / c A> ffyurf'r 

; 3 



M/J = fOj f> = t^rrneili*\ t, - ^tt> m p ) « = 9 

5 - ££0o“/t- 

e^s<£rajw6- m^p-ci '. 

S<« e c*M)»/«u ^ f £ j f . 

^*-j^ urj< 1 : Uji'*ij <i».+*, ^mn T*tic. A-11& 

S-httg J : Tj - £“30*£. 

^7 l^a fZ4-tt S-fv.//* > rt-, = 

SU< as : fVw-@-/^)<°r ( 

•=<t ^!4“ 5.^V.<o8 »W«> 


S-U»te V . Tj :LW % ^3 ^ ^Lo.rl ^W*-/ 

iC-M. l i+S : = 194* Sft*/® 

^0 ~^~ < ^ J-t CyC [ ^ ^ '***< ^r*fel«. a Q.m- & ouJfr 

rt-4 


<Jet 


'ft - l - ®£st - j - ( hts AO - t ~ 

1j <£i i H f U - S. \ 


/ W-7- llt -44 \ _ 0 VtL (</i-l%) 
^ Slo.tt- y^ 

uT 


* ai ** Oj-M 

Tk^» pquj«r 4 * 

^stcle - \^t - A: = ^ Q&3 -IvmJ — £ ^Ut - *< •■ J 

r (ej *tfr-si - - (xi't bZ - iu~ *fcJ] te" 1 I^Vrat- 1 '*• 

- SlSjkj. 

- 88 tf /fr j - 84 % , LLiirtj ^a-Va "5 Wff ^ ^ ho^SL. 

W - ^»* ~^ t hi, = ''i + (.'ui- | it) - zuf.iu 3i*~ 

iv~^i y\c. ‘b 

v\ t -- 0^3' ^) = J2S ' V Q ^ {Ja 

yi _ ,„/U»-K.X. ,_ fiStiV O.^X.Ol-2^) 

= -«*■*) - twa-ltt-uj] I 

- 3 2.^1 ^f> 




Cb) 


(h) 
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Problem 9-59 continued 

CO Vlt- 80 % 


t bV? M •’ 

^> W* =. y V<fgeKi C'l'i— ^tj") -V V)-j_ •=- 3 It. *5 G+*'/#> 

_ Uit 4 

~P'“* A d «La- f* «<V\ ft. f 9 ^ t* W y*. VI&-+- <X f~f+ C-+ 

<3 ujt ^ U/ Ux' CXr~~ /VwA. M^o 5 A. kw r a-O tv* £-<5 3 • 

Wf^d« - HVlKy) (c) 

"T^ -Ho-rkWftJ ^^n‘C4 » A tvj l, 

CW-s -1-** _) — C^»% —J 

1 - ^ K ) 


Y\ 


W C If / J 




~TUj> fi't 


_ C ^fco-vi - S-vv- *> ~(j*cr.tL-u£'.b t ) 
(Vco.y^ - sits*) 

i 031C C3?-4*lCj -* 
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P£d£1£M 9>0 

?>c&€k. ox*. \cyu>v>v> -for- (k v-ttjenev'eohV e qm -furls me. psuxsv plawf using 
A-HmS Seurc* »f- GifcUf-je-iv 

E*MTi : iVifl. wfUj. 4^&rmal jCu^cl tU'S-M^C- wvocs -ft.ot.ti n^e.-fts/' 

a v^4- pother ou+pu-t *p 500 LW. J 

SCbHSAVVTV! 4 iw&J 1>A-TA ■’ 

*M4eK^ 



t-U, 

= %C>0 UW 

itfl 


t; -?iok 

^ j 3 t ioftV* 



Mo&El '. 0) £a.d^ eovn pevtewV is 
HodkleJl as «_ i-owftx>l volume erfr efeaAu S'tcte. 

^ TWe. ttimpress tuui -Hnr»rne ooa .ruH o« i 4 

twf'i c*Um • (3) TWvk- a«^e ao stvtUj ViCfid - 10Sfe5 
^r ^res^ure (Wept iia^-W. W^Ai^ft-voUctv^^rs or 
ivtlerttfv^^xs-Viwi plptviCf.C^) kiu®fut cwaM pok>iH(H 
e-'Aergy Are * C S iT tve u»/Jci'i^5 

-VWiA is OC\r V^ioiUW as (XK i4eAi . 

A^MXSlSt -F hr s-kates i-4 J 4\e +^v\*^€«ck^5 att WxuA>n. iWi 
7;-3IOk ^ K - 3ID,£4 k.T/ks 

T^= 52<0k =£■ ^ - 5X3.&3 le.J/% 

T ? -"ifcol< ^ ^3 a T~iB. f8 WTI 
1^_ = V14DK ^ U<* - 12.0 _ 7 ( 57 Urlkg 

2i^5.: p^ 5 =0Wpf) fYn = 0 / 5 ) 0 ^3.0 = 38.fei =£ U £s ^'n4.49 Ict/J^ 

Ust v\6 s Vi Ujri^ ~ U.^-“^^C 

r 66 1.1 i U^" I leg 

C 0 ^ Tl\t '-Hvcwnat e-Ct-icleviuj Ls 

y, _ W-ft w -W<u/y^ ^ { «7A7-stiuHsts,i3-3io;M ) 

^ iuWvft ~ CU^-U^ ” L 12 -on.51-178.18) 

- pf 1 * = 031(31^4) 
92,9.31 J K 

ijb^) ■T-Ov \aJ cujtle — 1^-^/ 


w 


W c-ycA’C. 

SOo kW 

1 1 <Xk f 

C^4-U$VCKv'U6 

133.09 Wr/foj 

l kW 1 


- 3 nk ^g/s 


VM 
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?Ro 8L£K q.fel 




F 1 MO : 


A ve^ewM-a.t.vt <g*s WU'ue. Ci ©v> a— air-sKuuUvtt 

bftiij. Vat*. Me. ktou^ *4- various \oox+i<y\j,ouJL -H** v%e.t pew* 
'f.3 we ^' T [* ««wb-e f * lt eft-Uiewa®, ^ 

1 U*vivie. aUo Sf eci , r 

^eWme-Ul ^ tW«Al eff fci<L^ >C k) 4W rt^e^sm-tor 
e^fecfwtuwsj o^k (c) -+t^ **+ pouj< , r otA+ 


^L-tEWVnc £ frW6JJ t>AYA : 



(Ar). = 3.1 it to* ■ft 1 /**"' 


gM(»lMgEig)A)g- M&i>€L : 5^E*A*f laq.T,«.xc^pf ^ t *h c *-©-84. 

AAMiVStst Fir>Tj -Pt'x <a.«h ef H*. prtYt« t >«< s V<rie s Ct«.V>|«. A - 22c}. 

st^kU r.=S37*ft =S> h, = US.}** 6Wfb , p r< - /.3S^3 

f br 4 *^ ‘^k-opic CovwprwtuW , p rx 5 (p,/ Pl )p cS^tUs, 
U ~ - '*> aLl y,L Us.-Kj *«. fco*^r«tsor ««.*« t W * 

' 1 * I'M ' 


V'xs - (<U.7(o 6Wlb 
hssdn 


V\ t : 


^ K-W.+jfeliiJis.) *20^.03 ewib 


V'l *• k| *■ ’ V Xc 

73 * l7oo"ft =0 U 3 * qii.s^ «Ma./iw 4 Prj . qo.qs- 

for «.* TiewiiTQpic.^p^i^^ P rv ’ CPy/p») ? rs = 21.^0 . tIm* . 

-7.8H.O i ^/SKfc/Jl,, U»v*^ tW 4u/rV>|V»«. cfHVjewty 

Vv^-Uhs ^ «• 30t./8 <5hi/It 

Ste**y T x* uio<> ^- 2 . 11,03 ewiw 


(&J Tke. kk«rw.«il effu,|'«.vi<^ U 

yi a t tU 5 -U H >- (Ux-M 


V«lvn 


0.2(ot t7C*.^%) 


C b) iW X t^wwrakf d(f tctvJ*w e ^ \ *, 


V\ 


Y^ej 


V\H - U ■ 


= 0.&S2 ((»s.a%J 


A to 


(C ) T>^_ ' rt ^F p o u; * /* o w-t^ p «J~ ui 

W £1^3 -h*) -£ ) J 


UAsV<Jk 




W* 


(^vrij f» (3.i^o g -f^<—'^ K w - g * |4A 


) /ii^r ttilLf-V $ir 
1 7 


«) 


* 1 ! 


/ K* 


(.qooYto*'Jk 

tv 


V^iydc c (l.'(OOY(0 , '^}[(qil.SH-SO(,.(8)~(20i.03-(i8,3K)J^ 

- S.SU^lO n (BK/W ■*- 


v*cycte_ 
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"PROfiLEM 


EMouJAJ 


EltOP.' 


firir expaw.4s Iw +a>o 6+UgeS +U>ncx^U -furlom^ wi^j4\Ccct 

Hva sHujti . tLa sUWs are at VU. mlct 

o .*.d exVt of t«.cU coA^c^^at, 


X)<.fe'fwvvi€. _, pev u.wit w.a£S cf air flotoi*\g * t a ) wotW 

developed bu eo.dk <Jr(^ c, >CM +U, transfer for rekca.t, 

auJlCc} fUi- J *v»treciS«-\k% *N*t 'OoyV. coyv^>c^^d -Vo o^-s-iw^*. 

«>tax^e. of ocpetwsir*. U>VfU. wo ve-keaf. 




EUfoUje^ltOQ- 

M Ot>gx . CO tck.cU confrol voiuLivie. is at sfe*u^ sW-ft. (xj TU.e fvwbtxea 
opwa-fe. iscwfrop\cokVUj.C5) KtV\*ACc av-«C pot«.^.Ka\ ev\t*^ effects o-ir«_ 
tLs. workup f-CvAA^ \i ^\r xxoA«A<-< 1 *■$ (»i\ \de£*i 

AKQ-LVSlS ■ F\in&Vj -fv* Cock of fUa. py-\v\clpa\ sW^tS (.ToMe A- 22.), 

Shxffc 1 r,-H ook. ^=C> ^,-1111.11 krfkg * pr, -2-38.0 

2- Prx a ( p *-/p,) Pr, ^*“<7/2.11 U-T/Il^ 

Skofd 3 Tj^aooVC^ ^ - h» M2*ri.iq, f r> * P n *2 3^,0 

SW 4 p r4 =(Py/p > )Pr J =fc6 k M - ^Ob.65 tT/kg 


(M Tka U-JOfk. <$tvcU(>ecl e*.cU S+o^e-«-4 

VJ<t, /yU ft k.-W,. x 3Cj5.b8 MYkg,*. 

W t ^/ >VV » k^-Uij - 370.4^ 


(b'l for -VW rekeA.+^'r 

- Wj-V^ - (vx-n.1^ - ^«2. II ) --36 5,1 kTlUj, 


YV\ 




(c) To (itferwiAC, fVfi. uoorb- -for lVl>^\e -stay. of £xpevvi*ic>- , ^oWwint 
( as (oUoiajs . 

Ft-^QVp^ ? r , ~fess.^e WTlt 3 

1 U VJ(*u - CV\,-W*\ - 637.2f W.T[\tjij 


a.1^1 


7« 


\y\ Orcaie 


C3<?5.bB 1-3704*0-6 3^*1 

63^.11 


Xloo^/5. 2%^- 


*i 


*t. 
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PROblEh q . 


KiUOuMj : The /wo-stage. feurbiW. wdU r-dietxf i» Probkm^.&Z ir retOHsidcneJ 
ejifU flirbt'iAC Stnjje efficiencies less ‘fbcu^ )oo%. 

F/MD p/ot Cft)+Ae cjtJft. de^etcpud by 's/&^x. j <z-) f^e ^>eat/n<*u'A:*''/w' 

■Hit re-kcuf jiroctcs, <kaaA CO the. percent i^creou*. /i* wo A -for fLa. 

■hoo-sfafie. turbine. w/-ffe rek&cf compared jo a Stwle e.xp«HSt'o>\j-por 
each efficiency, okc( forirtiershsL^c. pfeesure .s nccngihj -friivi |oo 4© liooVfc,. 

ic(r6viFTi<: iMmi Tata : 

See salu.l-i.ffw -fo Pcolo(«»v> f.fcz. -£rr 

sckeiwU-ic, 
e^OH0£e/2.1M0r 

MOD&u •. ft) Pack control \jo!x*vne is o-t 



S+ceuty phQ 4u,rbines cerate 

odcaoahca.Uy.iS') Kitetic Qnji pa/enfiftl 
energy etteetc olia be ne.cjlectetiQii 7J»e 

Cjjorfc-iUy if O-tr CPs o*n , 

AhtACif, IS '. foKtu/er -fke sample co-re. of /$. - 3SoV fa. &vv^ K +( - Cv t v - 0.8 . f/iaivj 
<?ocU oF fLe pciuiciputf -sfevtas : 

^fc/e l • proificAr ‘J.feZ 4 . T, s I took , U, - 127 7.1^ Cltfc, 

S-Me 1 ~- tol-l-U h w *^ ,2 -</ •/ror»i Froble^ *7.fc2, &«.«( fta^urbiMeffi^cietAC^ 

^ U,- nt,tk-M W(<$ 

5fafe3 '■ fe 3 * »2 77.7<J 

Sfafe?-. U/|+h liy S *9o6.6star(4j _• =.*St.oH 

Sfafc ft ■ = 635,58 fej/% • W t - ,-ttoi) =7tt. ( F2- (a/kj 

C*) TAe ajorlc dei/ekped. fey e*.c(\ s/rv^e /^ respecti vtUj 
W tl /^ « l\-^x - 2^2.ltT/|^ 

W^/m * V» 3 -V, M =2U.TS W^/icg 

(b) for -Hie r-ekeaf^r 

sr -- = l ‘ ,1 ' s ‘ t kTll 7 

Qt) for toMpariso A */o a>. jiggle s/txgej-Z^e fercewf i«cr«are tooHt 

W/k, - K-U^ = SU.37 UJlkj 

-t |,., */ * Cx<=ti.5W +'Mfe.7S') - 5LI.31 . r- , o/ 

•kU-S °1 o i(A<-r«£tje a 11 x ioo -0.1 / a 

511.37 

Tfee o1 ^ ^^ te - kevcf sU.ouj how exxcU of -tkese ffufi.w.U+iej 

vam Coi4k in-l-erstc^e, breesw-re -fo^aacU of fUree efCicteno ^aU»cs. 

tOofe. “tWct crvvi/M cu^rve. is v\c.t£it^ -for- 4"1 ml ^/a uacaao^z. iiS\ u joHc.^ 

since fbe eflficitncAj va.Lue ccuxcels occt if +1^ 5ftwe. v^aUxe is 
■flsr Q.C\ci\ Sttuge. 

fkc. d.o-t* lor pru. re^xKftA plofs wece ohU^'+iul U4tkj IT, a5 (o (Uwjs v 

Continued on next slide 
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/m (kJ/kg) W /m (kJ/kg) 


Problem 9-63 continued 


IX Code 

pi = 1200 // kPa 
T1 = 1200 //K 
p2 = 350 // kPa 
T3 = 1200 //K 
p3 = p2 

p4 = 100 // kPa 
eta„t - 0.6 

hi = h TC'Aif". T1) 
si = s_TP{"Air", T1. pi) 
s2s = s_hP(“Air". h2s. p2) 
s2s = sT 

h2 = hi • (hi - h?s) * etaj 
h3 = h_T("Air", T3) 

S3 = S_TP("Air, T3, p3) 
s4s = S_hP("Air. h4s, p4) 
s4s = S3 

h4 = h3 - (h3 - h4s) * eta_l 

Wdotl / mdot = (hi - h2) 

Wdot2 / mdot = (h3 - h4) 

mdot = 1 // Assume a unit mass flow rate. 

Qdot in / mdot = h3 - h2 


nor$ ■ 



P? (kPa) 



pi (kPa) 


Wdots / mdot - hi - ha 
sas = s^hPfAir”, has, p4) 
sas - si 

ha = hi - (hi - has) * eta_t 

pci = (((Wdoll + Wdot2) - Wdots) / Wdots) * 100 


IT Results for nr - 0.8 

hi = 1277 kJ/kg 
h 7 = 984,9 kJ/kg 
h? £ = 911,9 kJ/kg 
h 3 = 1277 kJ/kg 
h* = 980.8 kJ/kg 
hd* = 906.7 kJ/kg 
h 0 = 766.7 kJ/kg 
- 641.7 kJ/kg 

W / m " 292.2 kJ/kg 
it 

W /m = 296.3 KJ/kg 
t2 

Q /rh = 292.2 kJ/kg 
in 

% increase - 16.77 



100 200 300 4Q0 600 600 700 600 900100011001 200 


Ps (KPa) 



100 200 300 400 500 600 700 800 9001 OOCi 100 200 


Pj <kPa; 
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PJ2 oB(_£m 

* A 'f'UM - 6 facie, "fxwbmc. \ahH* Y'ZiA.Qoi: Cwjs &&c\ routes &t Stea^La sfafe 

ia*Aav epccifi<4 <WI*u^s. 

EHsJE •• skoio -WuU- Hfl- rvv^vcVvtu.iM. tuorL is J.fJe,UpeJ iokc^ fto. p^isuLTe 
v^<xtlo is -Hut $ aaa&46 ca .dU ~ 

SCHEMATIC ^ g^iVEoJ data : 

r-T' ^ik. 


_ mm ^4-! 

i- _. * 



t '•cU.«A+er i 

| 

1 ’tu*ki 

A i 

torts, il 

* 

i ■ 

.1 J 

2. 1 
1 J 


V/j 


t 


P »*T, 


gN6tMCggiN<> 


Jx 



Tb 


^ tr. ^ I Gj 

#gp£c; 0) EaxU corApo^a^t \$ a.v\,«.lyze4 at <x. Control VoUx.^e_ art slr^ 
^aAa.CM Tke tuvWwfc eKpaASioi^S ore ue^tranc .C^l fafe'ts. no fissure drop 
v-cWer auA iW ft^akes a+ fa tuybiwe i*\<& are ea^jL. 
(M) K.iw«^u. a^A poteAvKat energy ejects aye t\eg lig»U*. tsl tUg ujorlPiwi 
nua is cxir Tv^pdtW as an |daU gas w'i+U consfau* c f <u+A tc. 

Ant AAV sv S '. TWy +u*V*\e uicyk devalope** U 

*7 *0vM vCV^-V^ - Cp \£r,-T*> i-CT t -To] 

WitU T^Tb 

r ~ _ 

■s: 1 --&] 

For tUy, (s&i^inspic fixpowi-St en\& 

B _ ff: {Q . 

T, - V Pi ) ^ , w , 

^MJS * LM . i 

W V~ -(§)-(&)' & 3 

To deW^a pressum. t>. tWr <vc**iWzes 4W Wufi, Lj rm U* 
ae^wa-Uve . 

^f 1 - refeAti *wH- 

‘-w^)(ta[c$) , *-$] ! ei 


5 . & ,(*/* 


R)r _ 

t>?; 


=t> Pi s fx 
Pi PC 


by ckccku^ +ka s«anvil <Wi\Ja4v/e it" cao. be. verified tUe toW. 

4vMfWv\€_ noortc \c a, \s«A^0M.u.wa. 
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pftoiiL£M 1.^5 



Fr : V&4%,rr*r ike C&.)irhe. -f Ue-mvierig-f&ciew&j } 0?) Hg b&c^ lOdrU. v-cti-i^ (d) t^-e 
v\t+ pooj&f) Cd) fLe. rales t>f txtrdtj deshu&lijpi* .u^ -fa <t a> wp re^c^ 
each -/at-brne S-ho^c j cmc! ~U\il veq &a eraser^ {hr J B - 3oo lc. 
sn^&MA-nc £ JkWM*i T>^rA' y = r..^ ; c,8 


r\ Nofa i Tkt 

f&Ko aercHjj 

4uvbmc, sftfu?* is 

QXM*CL, ilAA^ 

i ov*rW&d 

-fro**! CA kU| 

*f 4U 

= t 



A'VVV’iMr—r 




=»<> 


* t#—4. 




^3 - I4EcK(| 


rn 

1 7ai4l 


he 30 *® 

? r !£>sUfk 


Pfc>. 

S* (W^yfc- 

ru^.2 1 


r t *3 cok 

gjgg i i >J 6- I^ODEL ' 5te E^Av^plff i.iL 

Al ^> **.8 V\ -o.&.TW 

Incurs C<rrt6 , fcWA,t J votfU |c-" 1.4 AwJ- 
<^> =(.©oS Ic'T/tg-k- i-^+T c ^ SOoK 

^KlMVStS '. Fr<?m Hrl^e. Sol U,+u> 1 a -4© 

(V*Ukm 1.55 iTs C-43 K. . 

Tp -p] vitX T^ j PtV st - -f i'w<sl Tas a.i ■ft? llows: 

- 1001.ir K 

Using “K.< -C\^sK “kxvWhe e-U-ici«*v^j 
iUj 


r 


v« 

r Ulk‘Mfyfi.'P\> 3 



b* 


--- r t^CoK 



7^ = 36ok 




k-j- ta^s 


<frCr 5 -Tfr) 

CpCTj-H^ 


T * T.-J'l, C'T.-Tfi.s)’ 5 - H©0-t0.B)(i4OO -lD0^t) a toSfc.J K 
CL 3 v tJ J ; t 

S.m.-larUj saamU-s^ ‘kwtiwi (%] Ti CT j *g££^ '^crtoo) 

^4 - T"b ' - JoBt J k ^ ^ j »lf>0 ;f,f,K 

'jUa. rJLgawewfor e^c^+i^ft'Koss M .' : 


ftv 4ke c^rMre-t Ve>lw-m«: ewclo-Jin^ “fU^ ^M^-W 




or 


O a +f li^“ O = T^—Tx^ ^*ppC T4 _ "^lj) 


■^*T^-£.T x -TO ~13fc.4K 


(jX) Tlv«. ra4-e ef [\e«Jr <xAdj,ho*A U 

ki „-c v+ epcT b -T *\~] 

^C^'^X 1 * 005 ^ k )tC | 40O-q<1B.7'l+f)4t>O-JOfifc.l^ = 43I2,~7 kT/s 

04 Giuut - VV\ CpdTy -T t ) 

~ Cb^CiiOOs'i.C'/St,'^ ~* 30o^ 2^3/.5 k-T/i- 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Problem 9-65 continued 

4*Ue,rwi<\l e-f-C-1C i_6M<uj is 
Vi =. |_ £**£. =. 


2-fc3l .5 
4 3 ! 2 r» 


0.340 C31.c> %y 


W c = YV^ CpCT x ~T v > = ^yi.OOS C G>44 - 30^~ 2 .i 04.-5 U& 

for -HwHoine A. ‘ \W^ ( -Vvi CpCT 3 —To.'i ■= £ 6 ) 0 *f>OS)(l 400 - JO86-0 ~ ’^42.8 ' i §- 
Svvvce "Tfc.-T 3 7^ = X, • W^~W tj = 1642..8 ^/s 

= (2)0 862 - 8 ^ = 37SS,fe L.T-/s 

1 

cvwj. , Wc -2-10 4.5 

3 l8S.t - ©‘556 ^- 


(own — 


W 


Ccj C.U 


w t 

(C} TVe WlA pOU><2*" 15 

V^W. - «fWc =-(37&S.t-2|t*.5) 1 #' |i^ [ = 1681.1 kW 

C<*1 Rw-fltc ct>n*presse*~. O -^iifj^°+TOCs _ s ^ +C<X„) <U _ 0 

^)<« T Wu 1 ; T^LcpK-i&l-ea-^i] 

r 

f^-N' ^ v 3ot>^ \2»?i7 kg-K' -’' M dc 'J 


V>u)r 


«v*p v ' v ’ l ' v; c^ f 

=$““** ^ [a** §0 <U*S) Vffa)] 

= 2ot.S 2W . - - . . . .. . 


V/ V 4 h/ V V ! 

*TWU<Vie sh^e 1; fed)4^,, - T o 51 C s A - 

^ W.r T - ^ I <r ° 4 &) - e - av #^l 


’ 4 °c.)M [ 4 . 00 ^ K*i^) -<f^ )M?SSl]] ,., 

- 13S. 5 U W * ___ ^^JUwk t 


Si^ce fWp 5 = r^/F-t j 


■Wfc^ 

- !3s.skW^_ 


’piP\aU^ j-^r-'AVa- TOjOAtwAv; 

° ^^4^ l-Y^^S^U 4(d- tv ) yjla 

4mA J “ 

T «C^c..),^ _r » *» tv®^) V 9~C%) -fiS^] 

(EcQy^j 


- ~IL> ,fe kw-*- 


l. In e^rUj pv-ini-i'^s e4-4-Wfi. letli EftC+ievL s +^4^^4W\jl'4k^pvWSu.re r^cKc^s 

Ojtc e^cJT CKAa&xa QjlcX\ 4^wUVie *045 1 n<kAv£r4«4fc{-U| o»\utteA. iMe. 

f-e^eP -fki. fyfYoc. ^ 
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PR 0 (AUBfA ?» (fi? 


FivOiOtJ : A Fur bi tie wrHi re-keaf Cf&rafesext sFe&dU* shiie. u^d&r 

spzcitied c&Y\dU-htdv\z . J 

FfKjp - . S^ouj Fhuf fke. -tnAytmurvi -fo-fa-l Oooric-owffiut 'is obh-inect u;4en_ 
-/■tie pressure rafid js -fte same across eacit sfa^e. 

lafgAvmc i CH/g/J R477V : ^ 




£»/(g/A/eg)?iA>6- 

MSpgl: 0) T/ie furb/'ne sfagts are raJ as con-A-a/ volumes a-P 

sfeA.dij stale.C2-) 7^te expansion processes are. /senf ropic (3) ^ = p fc =p t - . 

6*) T, = T b ^(5) «meficaK^ ^ofen+i’a/e#ecfs are 

(6?) Tne \*jorici'w^ -fluid is air mo^e/e<4 as an icfea'^d/ u//fK c^rtsfaHtl 

specific fleats. 

/W4Q/5IS : T^e -fo/a/ ta»~l>tae, wark. aiUjput per amt mars of &\rflou) u 

^ -- tV^wivM 

»^[(T, >Ta) t CT b - T*.)] 

= <pT. [C»-lA) + ('& -Ti\J 

Wi+UT^Tj,, 

<v T..[a- %-£] 

For +Ke is eM+ropic processes ; T */t, k avul T t /r t =(P* / r \ A 

‘Sifjce Pfi,* Pk * Pj * 

Is •- vt. U-(£) k -(&pJ 

T)4-fe.reiA.h’ccf respect -Vo a»ul afVer re-avnxn^Grwew± 

= [(#(#] 

bJkew. fUn. jparfceU ^-erivafwe is s«f- 4o cero^-Ove 4<uV«( reU-Ho^s^uf 
i4 obitXviAecA y 

E _ fA 

p* ' ?< 

Iby ctieckii^ ike si<jv> of 4ke .Second dsri^a+ive, j+caw be Vert-f t?ct *K\e 
•kke“h>4<xl 4 u*'b\VvG. Loork. ourtpu^- i 4 iKdfee^vwavakii'LedC a.'V+kis pressur-e. 
rafia. 
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PJ*0&fc£M l.lcl 


I cnIohjm : A^r b compressed m c\ fa >o-si'CLae. cow pressor luHL\ il*iercool 

b-eho?Ain -the, sio-**- s- Operahi ig pressures ckkJ dewieralufes are. 

£iMi2 ■ ifafeir/m^e fAd power-fa run ike Compressor a kJ. ton^fare. ihs 

fa She oouJ-Cr rczui/red for isen-hvpic compnrss(’ov\ -from fke .same. 
iwlef sfatd fa -faid same^ 

^CtfgMATlC £ CtJl£U R& 7-4 ■ 




££(2itJ6-ityoD£L - : Sa.we as jm £x«.u^/? <?.<?• 

AA/AlVi/i : ffasf, -f i*>c dactl of ike. pn'yidp&t sfaies (TaUe. 4-22.). 
- Sfafe f : T,-$oo< =*> Ji, = 3oo./«i , £, 3 /.366<9 

5 fafc £: P rc “ fft. //>, J p r( - *1.851 =t> In c * *f 2^.77 t^T/faj 

5fated . - T d ~T t * 3 ooK *t> Aj = 3<Dd>.<<? fejfkg , = /.3 8fcO 

S fate * ■ P^-( ) r r<i - 4.7S2 => K - w* 2 i laykg 

Tke mc^-si -Plow rcxfa tj 


V\X Pi - (to m 3 /Wn)( IOOUPa) 1 1 Jj lQ 3 Nfa^ 


RT, 1 JkJiy JsZ_\(3ooM bo -S 

k^S.n kg-Kl 


l kP& 


l kT 


TTO 


0./136 Ujls 


THe co/up lessor power U 

W c = w Cl + We,. = ^ ( ^ c -lO + ( U^- U M ^ 

= U J> llw.n-3«o,.i) jJ|i^j| + (o.m<,xn-Mi- 3 oo.ii) 

= 2S.087 bW t- -!4,S<|I LW =H1.b8 kW 4 _fa 

To fi >ud 4-Ue. poi/aer cX Sii^vgle. .sfaije of u>i\j del-cow i n e. «_s 

follows 1 . 

Pr 3 ~ (^/P.)? ri -tb.b32 =f> ^ = (,10,65 kJ/k^ 

"fku.s Wc Y'o - (eO.lt ItVJ 

Th«. dccveASt m power uA-VU WiO-sVo^djinl'eftooWd Orrv\pr«fsS\o»A \s 


0 / 1 , fcO.U - HTfeS . 1 

%dt<ure&ie. s -- KIOO = (7.35 /« 


O 


c/o reelucfur* 
Jfi power 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 








































FRo&iBM 


T 


= so % 
t to °L 


too 4 1 itoo-Lfti 


KMflicW .' Tne fw;c-sfci^e. ce>m.p/''e’S 5 a/' UJiU* wbercooUwg yVi Problem 7 .i 7 j\s 
reco^ s wif/i compressor spA^e. ef¥ic.fe*ic/fts /ess f/icm foo%. 

FlAJQ,' Pio+ -ffte (A) power mpu.f fo e.AcU sfw^e, &) foe*f- -ftaytsfe-r rtJfcfe /°r 
■ffe infer coo i«-r f o nc( Co] percetif iVi power for ■/wje-sfage 

compress/on Compared & Compr^ss/on s/tuf-e, -for eocft. 

eff/c/e/|Cy yetia-e given > ^ter jnforsMge pressures ran^rng 
fbm loo to lioo kftx. Oo , J J 

■5CH-.£MA-nc 2 6lV£MPAra : 

Sec soLtcHoi^ iv Problem 9,f7 far 
scUemo.'tic. 

£ip(StiO£E£mtP hopsl'- 5^meas in ixwle. 

*?.*), e*cepf- H tl - lecWo . 

AA/ACYSfS- Ci>t\$t.'d&r ffe temple case 
Of P t = p^ = 350 kp<v. and( H e , s Tl ei * O.&. 

Fi'xiVig eotU of Hi£ princijpAl &Wev- 

S-faf£ t ‘ W! = 300.1*? ItT/tg (ft-ob Wm *f.b7) 

S-ffcfgp ■ Wrf 1 ^ 5 — H 2 S) n~l Ul/k^ -from Prebl-em < ^-fo~l ) ound u.sin^ -/'he c-^tvjpiesjc 
eff-LCKrtuj = W,+ C^ c ^h, )/n t| = k- 3 /kj 

^f<vf£ 4.: =* h J - 3o<9.14 LT/kg 

Wft * • **« * ^Ag i CU 2S - U d )/ ntli * W51-0 loj/fcg 

(ai Tfe power- iWpw* -fureAcW sfwje i\ -ftrr vv\ s o.mm, U^/s 
Wa = v^ifW^-kO = 3l.3Ca Ua/ 

Wc, t - vn ( s 30,75 ItW 


7 

r | 

/ 

i 


j/ 

2$, 

/l c \ 

A 



f \ 


i 

* ^ 
1 y 


y 



cl 


T i- '^=3ook 


also 

(k>) For ffe it/iFercool-e r 


U c ■=- W cl + We*. = t?2.Li UW 


Q.0^ = V«Ck"U\ *3f.3fcUd 

(Cl iM'-ermine. W^ o,% ^oLLoujsv Vi^ s = felO.feS k3{ (Frob/em W.b?), iW 
(A 3 =h, 4- f^-is-U ( Vn.c = 68S.3 fcJ-Zb 

W - vvt(U- 1 - U|') = 7 S, 14 k W 

FirtftUw 

C/ j 7S.IW-42.U , , . 

% dacYcase =-- jc foo = J7.3W% 

15. IW 


"rtie ptofs Ou fUe nexf s ^ OL ° Wow et^c-W of VUese gUAnKf/es varies 

CoifU inbrs+ix^a -pressure, -for eo^cW effti-ienct^ vwl.ues. fJob 

O^ily OiA-e. cAwVe. is hce^letf -for Fko. 7=- ctecrewfe t’n power in^ufj 
5 iVi ce -)W efftciericy v^lue ocvicels <9^ i f ■fv^ ^wie V«-Iu.e is ut-tri 

-for 

Continued on next slide 
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Problem 9-68 continued 


TUe ct/xia 4trr +Ue plots are cu<U<j IT y as £©Uou>s •. 


IT Code 

pi = 100 // kPa 
T1 = 300 // K 
pc = 350 // kPa 
pd = pc 
Id = T1 

p2 = 1200 // kPa 
p3 = p2 
eta_c = 0,6 
avT =10// nWrniJi 

hi = h_T( w Air", Ti) 
si =s^TPfAir , M1 1 pi) 
scs = s_hPfAir'\ hcs b pc) 
scs = si 

lie = hi + {hes ’ hi) / etajs 
hd * h_T('‘Air f Td) 
sd = s_TP("Air p Id, pd) 
s2s = s w hP("Air h h2s, p2) 


s2s = sd 

h2 = hd + (h2s - hd) / eta_c 
s3s = sJiPCAiC h3s, p3) 
s3$ = si 

h3 = hi + (h3s - hi) / eta_c 

mdot = (AVI / vl) * (1 / 60) U kg/s 
vl - v/TPfAirVTI, pi) 

Wdotcl = mdot * (he - hi) 

Wdoto2 = rndol - (h2 * hd) 

Wdotc - Wdotcl + Wdotc2 
Qdotout = mdot 11 (he - hd) 

Wdot = mdot * (h3- hi) 

pet = ((Wdot - Wdotc) / Wdot) * 100 


IT Results for p. =p H - 350 kPa. 

Tl~i - Tlfp 1 = 80% 

hi = 300 kJ/kg 
h 2 = 458.9 kJ/kg 
h 2s = 427.1 kJ/kg 
h 3 = 688.2 kJ/kg 
h 3l = 610.5 kJ/kg 
h c = 462 1 kJ/kg 
h cs = 429.7 kJ/kg 
h e = 300 kJ/kg 
m = 0.1936 kg/s 

W a =31 37 kW 
cl 

W = 30.76 kW 
c2 

Q = 31.37 kW 
out 

% decrease = 17.32 


PLOTS : 


110 

100 

90 

80 

70 

60 

i ^ 
40 

30 

20 

10 

0 


_.-a- 

v f-"' m is entropic efflciency = 100% 

isentropic efficiency = SO'H 
r isentropic efficiency 9 60% 


100 300 500 700 900 

Interstage pressure (kPa) 


1100 
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Problem 9-64 


RwowW'. Air is ccru.pi'e.ssfcit *+ sfea^Uj shtfe. i* +u>o-shL«e, co»w»ressor 
wiVU. twVeccoolmg ixhwctv\ +Ujl 6ftx^es. Operating pflft&cures av\*( 
+enA^MT<x.^uAES Gr«, le>vouM. 

FINE* • DeV€trmvrt«. (*.) “Hhjo. powar Vx*at +rtt*sftr ra+e eacU 

Corv\.pr<vscf‘ S.V'a^e awjl Cfc>) Fkc. tviFertooler Htat transfer irate. 

SCV4GMM1C. $ f-,u/E4j DMA -. c*np.««. c*mp.«™ --«. 

1US * «»t»_ + 2 p. =• (SO it? 

1 .uJ- 




n*Ul 


r^_£^of< 


p = W!k[' ■j- c * -f| htrcMUf f4” 0 

1 



XT 


T^SXO^ _ 

(Ar) = 6000 &/L7JX 

▼ <kt 


— jt r 

■» 5"V£> “A. 


6*J6 lfj£e/giAj(V 

MODEL, :. Cn e*.cU Compo nei^fc is analy7.-e<it as a. control Vt»Lu.iae. at jfeiiuL. 
5 fate. (i') Tte. Carviprysiioi^. processes aye. polyfropic wifi*, n =(.17. (.3) "fKaye u 
no (pressure drop -fkrdu^U ttuL intercooler. (*l) kmc-Kc o*ui. po-ten-Hat ewemo 
fttect5 are negligible.(5) Tbe air beluWec as aa ideal gas. 33 

Afv/^LVStS:te)Foy Um^wor sf-oge f , T c - ( Pt /p, j^r, = Wi-Sl . Frt>m 
rafale A- 22e, i»i =.f2>/.Z7 &K/lb Owl W c MS4.M4 oN-/tl». 

fa.tfra^ for A. polyopic process of aw. ideal gas,, applies 

Cr^-T.l = 0 ^ (^j^V ( 666.SI - 5io) a K 

(.vi; 

* <11.14 Sh^/llo 

Ev/aluAUUg 

Vvv * Pi _ ( 6 oo 0 ( H V 

f?r, ‘ f iflJiMM w Slo .^ 

vj-s.m ifa-°K. ) 

Tke power for sloge [ U 

Wc, (.IVr.*, It/vaial { Stec/M = lO^Ot 6 hi/ mum. 


ih4 »** 


I ft 1 


43U.2. ib/*^ 


Wt, 


Wouj, appli^MAj av*. energy batauce 'to SVage I , fke keaT Innns^er rate is 


a 


- - w c , 

-as.n)'i°/(e°Ce“ -*S143 Bki/, 


Ju 


W ( 


For stage j = (k/yji] 11 ( 5 ^ 0 ) = 617S' 0 R. . Ivo^ 

T<,blc A-ii'E J - izg.06 6K//( )) - IU».lU B^//l . tk»^ 

W c - *L^l T ’-- Td '3-- t^Ve.l.)[ tL "%^- WJ ](W.S-SHD) -T-t/1 S3 SVC 


tl 




d CC 

t*') Gio^J * to'Oc-^d) 
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fRO&LGJA 9.10 


J^OOoQAj A>r a. t&A atr'-S'kmuta.rd re.tjt'Yi&Y&Awc J$t6-td&n, cude. iaiU\ mhc-rcooiih^ 

ai a. spac'd ted siate wt+u o, hxo.cs fJoio raJe.iUe cvemll cevu^ressor- 

r&di-D is fs>t(W** > Cla/lA 'jUjL ^<T u, t VCtdias are ~jUe_ SCLv*\e Acrvcs each. 
C&'Mfresscr ch^KiAiivW ctjc/e 4e.u..p epjJ-oi. t®* <x g»vBM-. Ttie. 

sf(*J?£ QjxxJl ■+U,'rl»‘*& l£tl/ofropic &ff^d‘-c«ci©r arc eacU0.8 &*«J( 
«ffe^i'v«e.rt(5Cj Is 0.6. 

frjOb - Xl£& rmiVte «\)-ike.diierfrial efficiency j CW -Hul bade VCrlc radii } Ct'iibz. ^ 
j>ovoer t dvA(d)-tk& mhs of cxcrtfy J 4«cfruc/iovt in 9Ue omymfssor 

i^enero^br. 

. j. -, ^ J . .nr ~ ~ r.r, h ^rx c 


SCHeMtfTtg. & C>V£K) I>M~A - 


14001^ 



i’c/p, - Pd/p^iMas 




T 3 s (4t» K., 

h c 3 H t -o.g jt 



p,= iCO 
T ( »3ooK 
yvi -6 


^-R< = 3 I6.Z3 

-3G0K. 



H-t~ oe 


EHCttiEffllUfr. M0D£L : 

See Ey^plt 9-M , Also . 

«aU Va°* 

Tine SpecL-f (< lv€cob <*reco>^«u+, 
turU\ Ic =1.4 a*uA f^sl.oosl^^e 

AfJftL v fStS > . froioi-the Sotu-ie-M -to fretd-em 9-5 5 ' T* - 8i>D, 1 K 
For4he-?»t3h co^prre ssor SfrujO.: T c$ ~ (■prJ^TJ =(3./fa£3) 'i*4 ( 3oe>) = l-ife.SS'K 

Usihft ^rsV^Wsec^rnytesc^ e&icUev,w • v\ c - ('Kc^ - 

cW. Ak * tp AT, in«- <^Vfc 

T c - T, 4CTcs-T,Vh^ ( s 300 +(4n>.Q$ - 3 dc)/( 0 ^ 

Siiice p a - p c *,vu* 7^. - TJ -30OX * T^a 44b.* K thCT -T* 1 * 

fro m44e r-e^-cv\ovo4or e-ffeeft'vc^ecs j CU^~bx)/C U 4 -h 4 “ 

~^X -' 7 ^,- + ^ J 4 r ^<CT^-T ? ,^44t>.li'to.S)('«St>0.i -44 io.t) = 777.3 K 
fV©m am 4 enevy y balance cm -JW re^e*\&ra.far 

= r 4 -(T^Te) = 860J-C-nj.3-4*bJ) =.5^8.9K 

(8) <3;^ - v4\ Cp CT*- T x > = JO .cos ^ fc X 1400 ^773 ^ k - 3754.^ bVs 

Qo^~~ v^CpCT^-TeV m c p C*r^-T,') 

= U'iCl.oos^Ab.l- ioo'i + C 5Z8.9 -306)3 =17.61,3 kJ|£ 

'fUe. 4 Wviwa.I dW-icie^AMj is 

Vy^ l- >i- f“| = 0 3^SC^.8 e /o)^- 

^ DlSniH 


K 
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Problem 9-70 continued 

fc ! * * 

0>) w c - W tl +Wd- 2 'W cl - 2 . VM <^>c T c ~T j ') 

= t2.Xt»)C(-06^<:446.I-3Oo] ~ 1762 LVls 
W* - vh CpCT^-T^) *(6Xl.©0S)fl*O© - 660,0 = 2>2S5,6 kT/s 

bwr« W "/wi= nw /jz».fc «D.*»iZ*-^ 

(,c) The vie,f power is 

‘ ‘ ..= l-W*.fc 


1 E?~ 

l IcW 

•J T 

i l w/Sr 


Wc^-e - W-fc~ Wc - (^7,SS',6> - I76 t) 

(d) for 4ta Arsf Orwynrc^sor ; <D = ^(^7°V VVi Cs-,% ) ^^cv) 

CEa) C| -T.^) c . T 0 wCs t -S.)*T 0 VW [Cp«viC“] - eo^fj 
=(^KV t t3)laoos 


- 173.0 IcW 

C.Ed) c ^C6rf) t ,-123.0 Ww 


Ms 
iilU,/5i)c 


*or4kc. -Hxviome 

(4^ ToWCs^-S, 1 ) =T»VV. [Cf. Mr*) 

*C3O0VM [*.t»0)- (f§£)0^)1 = 3 082 UJ, 


l-toov '^r- MOi- (S^ 

t -Cor -H-. 

T ® t^V^TcWv [c^Q^C'MtA - £ 

3 (3oo)CM (i .oos) + 5^( S:tS Vew).^l 

ret; 
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PftO&cEM ?-7l 


: A teoo -sfa^e Co mpressor ujiEU /M-fercooiiKj c op^.ra.Ws ad 

state, LOlPk lerusu/y^ l^tef <^04- / oy\s c< <?j lV*/i exif J3n?JS«fC, 

F//VD : tfafeirviwj -jo ExA>upl-e 1.(0, eten've. <m* expressum. -ftrr-j^ 

A-$,\vS4£M- pKCSiU-fC l^it'COS CiCfOSS fEe -fl/Jc -fblT 

Ac caxc. ujLzve T* >T*. 

£ fctiAg/J DATA: -See Example 9,(0. 


&NC>tfJ£E/g(M& MQpgL i Sec execute cxccpd Td > 7*’ • 

/W4N5<5: The -k-fa.( compressor UsvrL il>pu.f peru>\t+ v*.cir -flow is 

^ -C u c - l 'i)+(U i -Ua^ ■ CT t -T,) + tpfr^-T.1^ 

“ V T > ( f i -l) + ‘f>TA('^ [ ~t) 

Xt\-trocjju.cii\g Hrke, iseuVcp\c ral^UoAS 

li -.(PM £ MM - * 

T « V. / -> Tel \P< ] 


u)-€ ci tJr 


^ “ V T . [(']*<ir Ta [(%) k -1] 


To (AeWwmt Th*- pressure, p- 4iv^ rvnVii m\zes •fl^c-'WoX ^0 A } -form 
Ac Apyi.y Ci4i_vc 

* v^feKsf (a -^ceitefw 


Ebr AjE- Kvhwi 1 vwu.vv\j ^CuJc/ivil^^. -O. tU^S 


) 

“5 


ck^T C-vwxAUj 
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FR060eM % 72 


IOJolOaT . A >'v>u,/f( -stage Compressor u>/*W\ ihhercool >ha k-ffaueen -Me 
sidles has J icnoujn ihle.-h ccndiHoflS awd <sC a tvew exif 
pr-essum .. * 


FlKlD '. Shooo 44\dt -Hie. Yvwhi wuM ~hd-b.l uoo rL i npu+ ureJ tokeu. 

-pk& j)r<rss«re rah o m -fiie same across each sfaje,* 


Jjgffg/Wfd $ &l V&flJ J)ArA 



&KJ6th)E&/?lK)Q- MODEL l See £xCi,m<p(e <?./0. 
AaM-LVSiS*. Frotv\ -tUo. tesuif* of Hacaivyde *?. (0; 


*5s I'vul ftf ly 

tWs 


U 

P 

P: 


i 


_j _ 

P.* ' U 


£i . £> . ?, 


f\IA.*.U^ } SoWw0 -for ?; CchJl pj 

?; '-VfTtT 

Pj *1 Pi r, 


rf* U Ha 
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?zt>&LEM ^.n 3 

K MQnJM v A)'r-enters a te>U o,ir~sjti.ndorici r'tAeM&nehvz. SrzLij -)©n cUjcle iOrH± 
in-k.rCQe>U'na <vnd *ekecd-.ai % spe-^fed sMe QMd n)'4U <*- j 
YV iiigs-ftoui'v'^cte . T«€. «?yetnaM covvipi'c-sjor'f)rvr5Sur-c. iTa-f/o ( wiaoOkviu.*M 
code te r*a&naMure i OMd. \ Vi rcr c ooJ e v* <xu.c( r-eU «a+ 4^^ peTO-U^^S knouw . 
F©r-TUe.‘(Coi^K^sor Omj} -fasrkfn& gjaG-eSj ~+Ue, iszvdr&oic ef(-icJe^uA /*,$ 

0- 8 aj'j^k. 4^-Ve^evtsva'kv efPedU-ivewc^ i^O.6, y 

Fl/Vt> '. lieJtesvn i?<.(_*) d'kg, 4Uev'wwO e-ff-vcie***-*-! j Ct>)4k«. lo<XcU Wr(f. rA^tbj, 

t c WHk£ HCi* pOtOGr-, omJ? GJj.exeirgij ctsrrwjcftcm redes m eAcUcaup^sscr 
<km£( Mjjr\>\v\e~ £*fo^4- hfiAAdL fQf^w&cexfoc. 

SCMEUKTV" <t £l V£A) 


< 3 - 


dpi 


> Cn. i 


■ l>* > 


1 



fj/p 3 

to %*r^-ioociktfc^ 


f[Coinbu$ibr 1 


■ '■ r 1 ^ f—J* Combustor 2 If 


7}*3 00k \f 2f t 
P,S- )C>0 

vv\ — (> i^g/s 


-Sr 1400k 



Fi0G-lMg£^iK>fr MODf-i- ! See Exawpk 9.t| 

Also, - 4c?.- Kt[ s = °8 a/vv^(. 
lk r ^*0.8 .“The Specific lrt€fcts are 
4SSU>viee( C&tl^cmA t U>iUt k-«l.4 &M-d 
Cp =l.0i>5 icT/ 

AfrJAlM StS '. D^terWuVie 4U«. vuvkwoum 

4-e iMpsm+u v"es, 

~ v : **P,J '^(Tj') - 4lfc.8S k. Vj't4U4t*e co^presscr-Sto^g*. e4-i 

T t = "*» 4 < r - 2 -S "7J Vm c » 446. | £ 

SvVUe T* =*T V Av^ P*/ Pj = P^p, 5 ~X A =T a = 446.1 K 

"Si s -(. PV P fc ')^CT fc f - leoit < 

T-,-T t - H +| tr b -T 7S ) ^ lose. i k 

Smce TgsT b A\wl P-7 { p fa - S 7% -T-j 3 10£6>J K 

Fbr4l»«. ^e^evaW; . T^+ 4 re .CT q -T 4 ') = 4S8.i l< 


C*ACo(. 


re 9 

7^ 0 = T<i-(T S -T+) = S74,l< 


Qu - SvV.,, ■+ a,- ^ = Y^c^-rv-Tp +CT S -T^l 

kx 

4 


- (& ^)(t.OOS — ^[c 1400 -<^ 58,1 )*-C '400- Lo 8 fc.')^V; - 4S57,S ^ 
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Problem 9-73 continued 

6wl+,+<?W 1 " v 4'cp(T, 0 -T l ') +- Wy 

-QOCl.oos'^CS'H.l■~30o)+(^.j-30£>V] :: 2-5 33.8 U/s. 

^"Ue.4kev n vw*-1 C-ffic-lcw^ i£ — \ — ©•i*.+/ ( ji,v >> = 0,4 4 4 £44.4%)^_^ 

£b) "TW. pcujor dor e&cJU fuAbme. sfoge. is aj\A£«J , Tl\Md 

£pCT t,~T-j) = C2-)(fc)f I.Oc)S)Cl400 - 108 ^. 1 ) =31 6 5.fc ^ 
S\v^ ( \cvrUj ) -4trr4^fi' 6c>iAvpr<f5Si)r sV>m^ 

vj c = 2 -Wt, = 2 -m CpCT^-T.^ =( 2 -Xfe)tl. £) 0 S')( 4 4 * 1 ' 30 o)- nfol.O 
CuU Wr = = l7fc Vj/e«.fc - <M *>=4 - 

(c) “tW ^ouu^r is 


buJr 


^cle ” Wt'^c -(3*755.fc-ntz)^ jJ^j t= 2023X ^ W kjc4& 


(it) for 4ta-AAt- Urfy<*%$er s4w$a 

T ><W * Tcvv, W&^j-eA^jl 


if.** &)*»n iv& 


- 123.0 LW 


Z55H k ? > 


] DO 


(6d) 


( E *l 60^,1 a &0 


C^p.i 


Cr>r ftwbiMfi I 

o 


(OJvvjrreSsor 

S+A^e*) 


1 =.CBoo)f^Cci.oo^iliAri®®Ei\- 83* flM.£3ii 1 23\'l 
L V KDO ; 25.42 V. iod>A/J 

- \ 3 S.S UW 

R>r-f4>«. iT-efjavieyA'tor 

fed) ~ T<> v *' S 5“ ^'i + C Si b - S<p ”] 

0 


fei 


fru.r bi'we 

S+i3UjJt^) 


=T„ m£t p 8«S _ R f r ^(T^) -)2> ^'°J 

-G*»Xtt<i.o<>rt tX 3 ^) +M >ja (»W ^ 


25 
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PROBLEM ^74 


kfJcn a!aJ t : 4 g&s hte fujo sfoqes of ccn^jfeSMo^ uu+k ikf£rc££|iky 

fUu& oc -ftu4?me u/L'fts rekeat, IfctfcL a+'fc k^oum 

Venous loaxflcrns. TWbmt ak 4 Cff*^nrs£cr jhuje dW^e*^cic3 k*u>u/n„ 

fl NO 1 C*J tKn v'oiu^elv*’c ■ftou^ «*+ i ***** b ,? Lt} + ^ |fi - *-kti^*-< 

tffiCjCe^t^H } (C .) fir^i bo tic raK + 0. 
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Pi - loa VPdv_ 
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m Tb^o ok 


>Tuife; -[ --! 5BBSi^ ^ 

' T 4 '- i4»t 

A*i* W= .ffi. 
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Oft.**/. iv. E.YWLW*fle =UU 



I'fM 1C. 


A*jMNSl& ‘. Ft'■'$+■,, -A< €AtU cf 4W P^l'ncip«( 

sWcs. fTabie 4-£i) b 1 _ 

■ Shrf-e i Ti- 3oot *=t> K t = Soo.iq tTtL^ , p r , | -a. 1,3 B&O 
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v, "‘ ifzrfe ^ V- U t+ (J 2 S^ , H yxMZ kTlkj 
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5We 3- P ri3 - (,^00/^ttO Xi-S*4>o> - VS'K ~!> K„ - Hll.Tfc V-J/k^ 

tWV»iHa ■ 8H » ki^=Vi te + 

5W<-3 T^IHgOtc. *0 Ui»H n^ kT/kj j FVj^SCcg.S 

5foie & Fbr UeuWpU e^powstort, p r6S =(Pt /Pa'jPrj • l2^,<p<) =>> H ts = (20[,?i? 
Usikg -VWt kevW^e sVxx^j(L ef4it(-c^tjy , 

**»' ^ 7 ^ 7 4 => u £ = k 3 -Vl tl Uij-W, 1 ) « Iffil kx/Lj 

T^= IMZ£} VC =c> \n A * , p rd -- H78.0 

StaU*t FV hs -( 1 * 0 / loox^.Ol = IS’J.U => ^ INS;^ krfkg 

^ 4 *■ %.. t “ U 4 s ^ foH 1 WTllog 

(ftj To wv\W +W V^UM*+V-|<, 'floto ^ivst -f|U ci Vv\ 

-^—• —Cy.»-U«.^ + CHftA-V»^ -cu fc -ti v ^ - CU*.-U^ S ^t{,0) kTll^ 
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Problem 9-74 continued 
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PROBLEM <=1-75 


JCWOUJW: T^-a. go.* Kwrlat'wt of Probkvw «t.T4 is -b wvcUuyle. c<w 

V'-t^jCMev'o.tcr' toi+U effectu/«*i*ss 15%. 

^nsw«r tUn sa.n.i *u<rs.KoKs for -Hoi. wo^ifi'ct «.s 

m Probl<(M. ^.73. u a 





^/AiVStS : Vk<. ^cAu^-Kcn^ 4o ^tnobWu* 
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Problem 4 nip 

<N> QtAJ N ■ S. e>p*^*.fTnj are p ros/ t '4e<i ^ P rt* £dr«*i $<? CcJ 

^ r?^ rrtcrtl JiV? ^ aj furb/^C Ctj C f£, 

FmjD/ R?r ^ acLi ^ ikwe h^p^l, a/ r / cic ; 
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Problem 9-76 continued 



MJALMSi S “SWAtS l^jOM X H <vrc K<ftSaw«.as ua Proto(«^ ^.5^. tUjuo 

= Sbo.51 ,acJl V* H - 3Zg. If BWlt. 

for Uml ■$«-*¥ CcnvfO^Sor <pWja > f r *.» -(fa/p,) P n * (*^lM**0( u t'W) * H.HIOT 
O^vJL W«L S =■ n^.°Vo QkA/tb, T\um, uj\W*. AU* ur*^itv>of sV-a^e. eti-CctewUj 

VUv- jl&S-lhl U a = U v *- ( hv . vAl ) -- i-io.0 4^ 

Viet - Ui nci 

StwiiWt-fUj ) -for" EAtJ^yi- 7- j p rt * Prb *® 3.l ^ Ut S a ni*S8 t>k*./Uo 

^ h w +- * iei.3s& hl/iU 

for sVa-te x as* H*. r*Qe*e<*tV©r ePtecU\Je.*e*s 

" ^vii>(""TvL ^x " A.r«^OA*c'^i) +V.x ~ 2.^®ttwu. 


To FvvnA -VW AW<**-t4 eW-a' 4 *^ 

- 0 ,-Uh) -(l^U.) ~ CW-li^ Cfu/IV, 

Al£ _ l\,-Vi y ■=. ZOt.t? aK/Llo 

wi t 21 

iw, V- - ■ "*:' ■ * — ■- o.HT<o 
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Problem 9-76 continued 
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tAP?€L‘. 5«e excttn^lc 9.if 
AfV/A^V S : Fix t^cU of- Hx pn'ntlp^l 

T,= 5 3o*e =t> k,= (Wo.bfc I5hi/K,,fc.» 1.11*11 

^i2d£_!?T foi" istvCVto»vif«v&4 0Tf>. J p^-H.mol 

ftw^ Jo*., - 11*3.<\o 0Hi/Ua. W\iU 4Ux (o^prtrsiot- 
tf4lCKWUj 

VV< '‘' V»T.-U, =»> ) * ilo.Oif phA/Vb 

Stated T J s T t 'to- \lfr,(.(. <3tu/lb , p^ 3 t I.iqi-J 

prH * s C^/Pj) Pr 5 = 3.82.11 -to U Mi ^nz.ss b^/U. W.+k fu 
c^r^sor ews^ , . l8( .„ 0WU> 

v V\tv ' 

J b \)i T* ^* 5feo - sc > mwH * j *•*>• • **■ *«w swi 

7^> v 7 ' r *) ? fv * =t> V\ ir -Hn.^ ewiu . WtH* wwX 

efvta«*uj ^ ^ 

S ^' 1 "*'* V*-V»1> ^ ^1“ W-V\ tl CUi-U-, $ ) = H3H.ei BKifU, 

? W 8 T e =Z©00-/2. =t^ Kfi - Soq.K ftluAk J p re 5 HH.O 
pffj * Sl.lSb V^J * z (OO.IH 0WU» 

s *^6 - Lb ft-Uqy,) * "Sll,H<? 6hn/U> 

5^-lt 5. For +Vx 'Tt^OMSoJ'Or 

" r *^ ~ ~U ~-ui! ^ ^5 =■ - ?3?.Jt»BWllp 


QM tk. V\e,+ woxk imaX* »AAts oP ,'s 

vJ, ^ +(Vi g -U^^ - (U^-U^ - C 4 = 13-f.^jeW^ 

^3 T (Hc.-hj-J) -i-Cba-tr?) - Z*(2.Z7 

V>\ 

v\ - U I -JU - 0.4E.2- (4-0.. — a ■ ->1 

i l*l izT- ^ I 

(t>| Tk pow-e*' devtalopoti <i 
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Pf?oe>L£W 9,77 

k iOOlOm : Jetenfliwe '♦< z.<A on cut aw-- sfa.K^avt/ b^si's. bcdc^ 

Oje. k.novO/^ ccj- Vtf.ljouS locaj-tby\ s &u-d -fke kn&sj ftou) *W“e <s 5 p€Ct4m(. 

F (Mb • 'D^kv'mi'we +Ue <ay.clj-*v\u)er^+ar^s <*-f CacU principa/ 

S-M*. Cb) 4Ue rate at heat o.da.liit^ ) WV Cc)+Ue v'cjocifcj *.-f- HUe 


Nozzle €*£+. 

^C-UgAvVTLg ^ 6WFU 7>AX» : 

J - MOO kft. 


7s = l4 ooK 



- 0.40 



T.-i.?cK 1 


5 £ 

E(U6<A)gfigiA>g- ^OPCl : 5^ t 2ZO*w/S 


P$-Zb UPq 


iu£xa.iuple 4,12, exempt V^ c * 0.8 .5 v^^ZSkfls 

M H 4 r 0.40. 

A^JA-iyStS : 6*) F*V €«cli c>f 4W (priKt^A.1 states. 

SWea : 7^= Z3ofc , % *Z6 =i> = 230.0Z , p^-0.54T7 

Sfg-fg -1 '■ from an &Y\ev %tj balance for-fa** dictusetr : 0 — In^+v^ 2 ^— U, .Ttiua 


K* 


2.30,OZ + 


2 Zo^'Y'oVs 1 


l M 


ll k«-*v»(s J 


I LT 


lo^M-rvi 


=■254. 


t - * 2 . 

For-n^e Vsenfropic p^sfrtw afol: ^ = (P ri/p ^ 8 f 0 . 7775^ ^1 

Si^ kl- .- P riS - P ri = 8-3535 50539 f r 34 ’jhfcfkc 

WiHi 4 Ujl tsw*W'c®pve cow<^><r^or ^ 

S49.lt IcT/tj 4>T l = 549 . 7 /K 

< 1 . 9 . , * UT F, - N (P) = 40fc.0l 

T 3 = 1 4 0 OK j h 3 = /S/S.43 ~ 4503 

^4a4g-4‘. for a Uirbojai : W t 1 vy^. —b (b^ U,V (U^- UA, uw 

= tx-j- (A x -U, 1 c 1314.15 K 5 T a t Ii’5o r fcic: > p M = -zoo.st4 

Ffom -jke. UeAropic +a^bmc eft-lciewaj j C^-Uq)/^ 

U 4s = - H87.l 0 l tT /l^ S p r4S « 181.32. * 

' 7W V-bC^r;) ‘C^oCl^i) = ifc3.4^ 

ffs s <«0-5fe4X-^)'‘ 31.413 

~TW) U 5 =-7 54 . 0 b -1/4.3 fc: 
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Problem 9-77 continued 
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<?. 7 8 

Sec. Prevt/em 9.77* 

/TCode 

pa = 26 // kPa 
Ta = 230 // K 
Va = 220 //m/s 
rp= 11 

T3 = 1400 //K 
p5 = 26 // kPa 
eta_t - 0.90 
eta_c = 0.85 
mdot = 25 // Kg/s 

ha = tOTAir", Ta) 
sa = s TPCAir", Ta, pa) 
hi = ha + (Va A 2 / 2) * (1 /1000) 
si = s_hPfAir. hi. pi) 
si = sa 

hi = h_T(“Air”, T1) 
p2 = pT * rp 

s2s = s_hP("Air, h2s, p2) 
s2s - si 

h2 = hi + (h2s - hi) / eta_c 
h2 = h_T("Air", T2) 
p3 = p2 

h3 = h_T(“Air, T3) 

S3 = s_hPC’Air".h3,p3) 
s4s = s3 

h2 - hi = etaj * (h3 - h4s) 
s4s = s_hP("Aii", h4s, p4) 
h4 = h3 - (h3 - h4s) * etaj 
h4 = h_T("Air, T4) 
s4 = s_hP("Air", h4, p4) 

PL0T5: 
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S5~ S4 

s5 = s hPfAlf* h5 r p5) 
h5 = hllCAir, T5) 

h4 = h5 + (V5 A 2 / 2) * (1 / 1000) 
Qdotin - mdot * (h3 - h2) 

IT for 7V = 1400 K. 4£ 11 
I 3 = 230 K 
T* = 254 1 K 
T 2 = 544.8 K 
T 4 = 1150K 
719.3 K 

h s = 229.8 kJ/kg 
h ! ^ 254 kJ/kg 
h 2 = 549,2 kJ^kg 
h 7i = 504.9 KJ/kg 
^ 3 = 1514 kJ/kg 
ft* « 1219 kJ/kg 
= 1186 kJ/kg 
h« - 733,8 kJ/kg 
pa = 26 kPa 
p? = 405.3 kPa 
p 3 = 405,3 kPa 
p 4 = 163,2 kPa 
- 26 kPa 

Q in = 2.412x10* KJ/s 
V 5 = 985 m/s 
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EiwO'- 
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l^sNpU ■= ^OOH.O +t/i 


.(A) 
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"PRoBlEh 9 8o 


ktooioM : An aWerWoier is 4 ice tu/rkojct i* Problem <1.-77, 



Ana<-YSIS : for- flat. iseiA-fncpit process 

F *V -(^/Pq) Pry ^ (Wit, 3 if- )(330.9) = 52.&5Z 

^s'-8H^5 kTtl^ 

TWas, 4W viovtle e*VV velotilg is 

^5 = f ky - li y) 

a - = 1050*,is -3 — 

l- Co«pftc.'^ +u.'s f«tul+ lu.fii P^utle^ q.77 J to«* f«»e Ufc <>-f 

.'rtcreaf^i *t~« £*/+ */e/occK, ^*4 +i^t +<«j. eMjmt fU^vst . 
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?Ro&(£M f.Sl 

kwoujf0‘. An afterburner is <xAde*{ 4o//i e htrkxpje-f tk Problem 9.7*? 

\ 

FlNt>: Ve-ter mme 4ke velcaku *+- -He nczzl-e eKtf. 

„ -r *i‘ 

$C amMK . L CdUm PA7ft ,: 


N Cer 



-f 


1 ^ =aq2 


GLi 


l*\ 




EiJ6nJK£gU\C-r MOT) EL ; fJpzzte. cp&raHey 1 )s a'oa.iic^ wl4U J^ N - OA 2 . 

/hv>4^-VSfSv Fd>r idCai expansion -Ktruu^K 4kt kiozz/t 

frss' = ( p sfpn ) Pr H , 

from TaloU. A-HE.' ft y / - 2 -S^Co. 7 iums 

Tr Ss , - HO .OS 7 A s> / - Zl(,W 6Ju/lt 

In fhe t'dZAj coajz, 

0 = hr - (h es . ^ r 4u) 


o r 


d£) s - 

C^s ~J^- ( h<f' ~^ s S‘ ^ 


^ C hko.ss - 33 G. 3 H ) ^ 


8 kx 

1 770-ft - fif 1 

j 32.2 (t.tf//* 

Ik 1 


i lb f 


= 33S2.Ws 

Wsm^ 4ke \AAZl\-e. ef4-tf.lWlCij 


vn 


= v UV) 


Z J * 


- \T^(V* S 1 S * 32. fS* #/s. 
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PROBLEM 4,62. 


^ KJOuJrJ ' ^ e ^ Ws ^ e* (v ramjet ui.4U Uo^m coyuJUIW 

+^*ufer*.lwe. after ccn^WsKow is specif tkd. 

£ImD_: UsiKg a'vv air-sta.n\f{ar«l a.v\aU*is , dcVey-Tv^^ .u„ 

pressure M* -tU*. fuser exit <,b) +W velocity «.+ -H^- 


pres; 

vvot^le evit. 
seMg^A-nc j £u/eu lyvny 




V-acoo-K 

v;» Ifeoo ft(s 


pj^- f Ibf/ iVi** 


g*J<S/wecgiA]fr 

• CO Eacta component - U an-al^xe^ as a. Ctmfrol volume ai 

steady 6 faie.W TU. co»vbu.sKcvv proo«s 14 modeled <xs a. consWt 

p^ssuYG. Heat jyUi+w* . t.3) tWc. d\ff W r <um(. no-wle eperofe. isewWtalL. 
C4) Neglect Icme+wsevKr^ a* locations * omJI $XS) tW usorkVwa £UoL is 
Ccvr yvv&tAcLe^t as <xk. vt^ejaJl ^ 


” ’ o — 

ANM-WMS *. C*) For tkfi. <jUffuser j o = (jr> 1 -v v {L*"^ - Vt^ . '^axaq } 

V' w 


W 3 K*Ml. - l©0.52. 4. 


lbeoVf+ffey| 


- I5TI,«{| Bkt/lk 
Tlxus j Pra, - 2.*tZI*f cmaJ- * (f r Vp ri ) P, -2 5. z 2 Ibf/m* 


2 l b*#+/s*|778tf.j(,f 


i Bk- 


Cb) A^ T^looo^ , TVfe(,r 4-2U= Ju/aj hj = S04-.?iBV^ f><3 = '7+ F5r , j*„ K~,,- c 

^^pa-vi5i(T>\ +krOu^U 4W viotile. 

PrH * p r 3 (PV* (T74\ (<*/zXZ2.)* *1-4 
Klj — 331-4-5 - (&luJvW 
tW velocity firorv^ 

O - h-j - (Viyr S. 2 ") 

\i^ - ) 

— /* ( 504 . 71 - 


err 


“T¥ 


I 32.2 ikfWs* ] 

line n-itf I 

1 aw- I 

• » ©vu. i 


= ft|s 


VG 
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?Rr><bL£M °i, 63 


K^JOhJaJ : Aewbfrrs, -ffee cliff u*er of a rfl.mjc.f- tij'jfU Icnoum cCmdi-hoAS. 

keu_+ a£LcU>foi\ per unit vw*.i^ of air f-lou>U'3 U specif fed . 

HN &i Using aiV*-stain djCcrcf a«oJysi*, defermi'ne fa) -f-ke pressure at 
tUe a iff user e*i+ £*ml tb) tke ^eiocitvj cct f-Ue. K 02 iie exit- 


5C UlrMATfC £ &H/£AJ DAT/t : 



diffuser ; 


y- 

7J - 2H0 k 1 

\r =SSoO l cniU 
- rn/s 

g|Q 6 t MCgei^fr 


"t < 

> 

1 

L * 

1 ~i 

■»■ 

- f 

t_ 



Q* t | P^MOkft, 

^4* - [0«0k5/ N 4 

m J 



M.opsty . 01 Eac-U componartt u awabj z.eJ> as a. covrlvol vflurne at sf^adg 
State .(,2-1 TVie combastion process ti pne(le,Ve<4, as acon^4an+ pressure heat 
Q.ddUtfov\.X,3 J The cliff us^r* and. no^/iJe (Operate UfcvrVropUalUj. I.H) Kle^lect 
kliflotCc ewerj^ «ct locctKons 2. $ 3 arwet neglect pottwHal energy tki'ou^kout. 
(5) Tke uJOrU-mg 11aid is air uuodeAect as aw ‘iA.eal gas. 

AaJpUNSi^ r . (cu For fte drffuscr - ; 5 - (hf* 4 **) - h. 


V\ a In +- ^£1 - UVf). Gn ^ ) a (W 2 - 

l M 

1 lc^ 

■3. x 2- 1^3 2. 5 1 

1 kcj-vn/s*" 

SO 3 W 


= M Sr!, i Jc.T/i^ 

rnterpo'a'f^^ im Tabl« A'22 * T z " 4“l4 fc «.nJL p^ = U^i”! 
The re fore /■? \ /I 141 l/- 

" ($) p, 4 ^ ^ 


£ 


0°3 State 3 Is tfxeA fey cows£cl«-riwj tfee Ueat addi-t iW process 
0~ QiU t-VwCU^-Uj^ 

or ~ U 5 - ^ t h x - i 020 +m,\ “ ISCot.I W^r/J^ 

/Vgaiw ( -from TafeleA-22^ T^'* 1432 Xj prj — SO^.O 

Tor" tse^tropic eKpaasicm. -AUrougU tUc wca-tla 

?r H - 0Vp 3 ) IV, =■ (4o/q?3.o)(i04.o) -44-^0 H> 20SJZ ^ 

Ttve, veioclVig u ofeU>-iweA ^r roTV 'j O - t 

or V^- /zcV^-k"^ 

— tm 5 l 


= /zosfcM-gos.* ^ f2^-|P43^ 

- !ZZ9 .. 


V"u 
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PROBLEM f 


KMOKjkJ : A +uvbojirt)p eiagii/W- it (Jjwialyzccf on a_w_ anr-skt-vulanA Wsii . 

"Da-Fo- cur* lo^oujn ojt- va.r"to«.s leoxKons . 

HMD - D-tkfWne ta) -Hut- poujer d,e\\\JtreA -h) +W- fropell er, aA^iO.) 

t&e. v«-lodHj aA- ^ 0 - nozile ext-t'. 

SCHEMATA $, btVSfO D/vm -. 



(NO K 


<AVV?J.7 *- 
\£*'8o» 

T^Wfc^j 

—Dif(u$*r 



ENgf/oee^/ftlfl. mops/. ; Same as m Exeuvnfte «T.tZ, except H*-0.9S\ 

Analysis : First y fix Cacti of tL*. principal steles f raUc a- izV 

3lof& ft. =4> li 4 i WO.oi W'/'Lj j p r<t - 0-4-3JS 

Stele. 1 An energy to-two:*. l°rlte dffuse*' gives; O =(A t tY| )-k ( , Tteit 

h =>V a t- Vu/ Z = no.02 kT^ + IS fi* ^ s * |- , - -i,—**—/ -rlj—i Jt5 ~f 
1 /1 *3 *• >' k r M/*»[| toV«n| 

s 2 5 t ,12 UTll^ p ri - 0 . 74701 . 

P.-(?«/P^fv " SO. 1.1 kfw 

Slate 1 For an isftnteopic oor^<*««$»»*>- ., ? ril = 1 R- t - 7.9102 H 15 .fcS 

Usiv^ \W Orc*f(e-&OC f V\_^ V\, + fk S~ te ) _ 537.7 kTltj 

7 fat» i Tj= 1140 =>V\ 3 M 207.57 ItT/lc^ . p , 3 = I 43 u 

Slate- 1 !. For iS 4 wFoj.ll expakSiW ^ ffy., -(?*/?!,) fV 3 

(Ws, Vi 4S -ti 4 . 0 ((. It3"lt«j . Usin^ Hmu ■fuvbi*\ 4 . eVuttency , 
h H ->. V\ v - A t t h-j- lt* s \ = 720.0<? ItCTdcj } P^-Zl.fco 

&akj£ JVs »<jWr H ) ?r s * ^ 3 - 8 ^ **> K S *■ <* lfc n 

(A) TFc. j»ow«r delw*cte te-tV*. ‘jt'o^Uter is 

W„ 


"t 


w t - W c t vi^ lQ\ s -Wi,') - (. Vv^-U,^*3 

( A /* )rt. Pa, 




( gV? -V* Jf 4 *'»* */- *) _ t9^ 

Ai'4 “^"VzAok) i 

(z«.4r oj-t r ~r J 


\Ap -s (4#fe ^(iX»7.S^ - Wool) -(SJT-1- 2TL1»]^ |,^ji | r IC>MV<r 
(b) Av\ ev\ef^y W&Aauct +or H 4 ^ woixW 


w. 


I| bvnlt* II 

| IO^KI >m| 

i 1* 11 

| tkT I 


^ w|s 
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pfcuateM P.gs' 

kMQoo/J! A -turboprop me is am« ze4 0 iA_o.n air s-ftxncU r& b<i j. 
Dccfa. are. k.n.ou)n ©4- various local-tows- 

EiME?'• determine (M -the. poto&r <Ac)were.J, -f© -the. prapellc^ a.v\U Cb) 
fWe velocity ojr viozz-l-e e.Ktt. 


SCtfeMAHC g 6lV£M 'DAtA *. 


at oo 0 «. 



Qa| 



1 ^ 


C 1 

j COJTIOJ s l^f 




Hc>V* 87 

= 3,too °/z 


T a = HUO 


CO^pf^iiOr 


sf 5 

V£= Jiffft/s 



rN 


P.,*X?(Wrf « 




gM<giAJg.fc/?iNja- 


1 p s -- lal^f/^v 

Mg Dec, i fi)£a,ch component <5 analyzed os 6 . control volume at steady 
Stoic.(Z) The diffuser- process is iscriirop'ic c*ncl+he hurrb 1 Vie, Compressor; 
a-iA-d Wozz-le opcrale. acOubaficcLlU). ( 3 ) £xcep>f a.f the. infeF ai\d etci+ Of the 
enaihe , Icibef-ie-e/iev^tj effects co-n be ne^lecfe^ . Po+«v\+t<U energy ePTccfe 
<3_re r\en liaible +hrou<sjVu)iot. ch) The toorbtu^ fHu.id is air* modelccfasa/i 
id-eal cpw. 

a-a/AlvsK' . First j fix' each of Hie. privet pdl states (Table A-zze). 

State a : T a ~ 4(,o^ °i> b a = l&q.qo Sk^/lb, p ra ^ 0.7 4 \Z 

5fatP / : >4 n energy b* /a nee fo/- -the oU ft User j ivei 




] ibf- 


32- 2 . iif+M 


t Bk<- 


T’ft fHW 


= US.'iO Bkt/lb =<> p n = 0, q^(a04 

P, *( p r,/p rA ) ?a - [M.iqs- 

Sta.iP. 2 . ; For fWt«( compression; p r2s =0* /Pi ) Pr. - S.MVOfe => h ss = 

Us"tWe compressor efficiency 

Ui--h,i-(u 2 . s -h,Vnc• 

5ta4e3-. t 3 = a.too •« =t> h 3 = s'u.ss'eto/ib, p r 3 *an.i 

Stole 4 For ielaai zxpani ibn.; P rHS - ( P v/p s ) JV» =. H [ .SOS' & = ^*7 8iw/,1 » 

llsinn Ike. tarbihe efficiency ^ _ 

h 4 = hj- h t C^-hsv) * 3W.n P*'U» * 4> *«/* 51.SSS 
Stale Ss : P r ^ 3 =(P 5 /p v )P r</ =aS'.fc%7 =*>lisi = M<*.T ‘f BWlb 
fa) The power delivered -fo4ht propeller- /$ 


Vv/p = W^- W c = rvt [Ch 3 - h^ ) - ^hi-h. V] 
fcvalujxFn^ Fhe macs -f-Louj net fe. 

- < ^v~j & Fg _ (30/000 ffVimwU^I^/ih 1 -) IkM i w* 


RT*. “ (|gqs filMy <fG,0) 
s ae.^7 ib>*£ ^ 


) ft' 


= It/mih 

Continued on next slide 
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Problem 9-85 continued 


Tfuis, •('he, pooler is 


i u, 


2545 &ki/|\ 


= 2Sll.tAp^_W^, 

(bl For <xia ideal expansurt,\ 4UroufjU nozzle 

0 - + ^JLit) 

° r %* - J z (VO _ 

r i 3 2 z j \ =1 

Fram Fhe de-pMihbv] of notz le e-ff-txievicy 

\^j = Vto.-rs'J (mz.s) 

- ms.? nis^f _J/L 
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PfcoSLCM 9^ 

ouy*/ : S4*A<J'Y-&4*t,<e op*Pa.^'^ prfc^fded cl c# ^ b*>ic (i cycle 

p^Ant ur<‘/vj Jie/*Vl*v <X«^i UJW*r" *-o ■**'* U*rtr*0t*'**J Pwi^J* 

P/fcjQ j D< v*-' K^-;,v<_ £*0 -4 U ^ ^*1* J^i-o U> -f ^ .£“*■« *-***- <* ^ti cvol'rtj U/^-M_r^ 

Cb ^ -pi^j *^*4" p o w+r ^£Lj ip fH «_ a.rt«d v'ayfrO*” cyCf-^J, 

(fc) 4'b* *jjj^f>'t* * c*j t'kt cow-'* 0 ■ ^ t d cyc^t. 


SCtt^|H«TiC <£&H^AJ Z*/*iT+t 


Pi = SOO lb!/in 


Pi x Pz 


uoo°r 


Helm m 

Pi - 200 lbl/m. 2 

T] =* l£OT 

tti | = SkJO* Ih/h 



gM<Sf Afg££f^<h MOgg^ : 

J' Coil jv® l f fvlCU* 4^*~ 

pft*\cip*J co^o^tj <xire ^4~ 
£4cmJi| £-hdC. 

Z • T«ver< are. ** sW»y he«.* Wife/, 

6UvL Jtineffc a*W 

<^fetfs OtM 

j> J4t~Kpt+\ U n**d* 1* d ao An i d* *- g 
^Aj U/* N Cand-f»M+ 

i : < u7 (twt A-ie ej 

A» AL.Y11S - ^ejtn V7y •M'*(oeuK 
tL&,4*^ *,+ /\ £*■ *;4 -il+ es, 




£<j. £>- 

*t!T 



Mt:) 




iwl-i 

T 1S = 

** 

; Cf-k3K| 

f HO 

O 

r 


lllfc-tc^p. 






»*t 



in-1 

T-K-- 

M't 

r 

— « St* j 

f 2*0 

l loo 

^ 1 1? 

i 


Cooling water 
7-jo^aoT 


SHera 




^ Title A- 3E ; h^=ii?MGWfc - T<lU* a- 46, 
l3 ^.v TfWtA-IC^js tmc^A 


= lt>&l.:ft*R- 

V * H t ^(Tl 

#tTj-7* t) 

=£> TV^Tj-v^ctj-Tm^ 

* IBt-o -o. % (i«to - (0*4 J|) 

lr ' t " s- jJltTtJ—Trj 

hi-H. <^tTi-T,j 

5 T* = T, -t t Tn-T j 

- <.-4 0-* f iiit iA - tvo; 

3 i2*r.i.‘’fc 


h 7 =. kj + * 7 Kf-j -3 tat-T-'* ■+ 0 -q( lore.) - ( 002 . 0 *BW/b . 


AlfO 


w, *» - *■„*? - - <■»“'• $c»««"£9l sfeJ=**•«• 8I '"‘ 

Coe i.~, u^+cr : h.. ~ >* ) -- «■** “ W*j h,, » Kf (T rf ) a S8.o? «W* 




( a ) Ev^luikt t 4 v^vc f ^ 

v-v^. aalcU^j^ . M-t-sr *«H 

f4^« ^ ^ c „ CW-M rf9Cy£T4-7:) 


lo #■ i A L* LJ-O 


^ s „ ^jJ^tv-V] 


C* 1 
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Problem 9-86 continued 

1/0.1 U,*J 7 =■ "t: C $£3 = ,o ^t 

- (S-K /o r ifc/ftjQ-i»* B V'fc-»*)L t “C*- C4oJ = s~.23 a/o r JA. 

t. 7-3.JiJ k* 

Fbf 6*. Con ('nUc -f-i— «*nc/e 

b^tartCJ/ ~hf *j -V^ 


.&0 




tnn - W*o (£8.01 ~ ^B.oS ; 




(i>) TWi «,*+ power d * jj ‘t’K* J U3 

W, - W t - W c ^ [(hj - HJ - ( *U - *i ,)J ' ^3 1^3 -T*;~<7i-T7)j 




= (VlC‘0 sU) /*iX l ' 1 -' i *Uii-\K(*fc° - •«>•*) - ( ^4-0)7^ = 3.fj*/o 7 

~T^0 [9 0vjj«i^ df vt(ajte«! "+*■* vd j J0 ''* 

W s - W t .w p , ^IK^-Cn-KOj 

- I?.4^ X>o 7 Btu/i 

tf') "TW +*•* t w. *_*. c-.’*« r't i^r- -tt— toM*l»iw«et eyclf w 




© *\- 


W 


Lu U4aji 


^ + Wt & VA^ * \*/i 

Q;», t + GU«,x. 


<3U,, '- *wjtVHO * ^ CpfTj-Tv) = (?^ r -iX , ' aV ( 'fe)( , ‘ 8t0 ' l * aA 0'K 

= tl.f8lC.ro' 7 8^A 

Oi., vs •»,<>(.-<,<-) = 6 .>Mw j " , ' , 1’ i.-i»/» 7 fl^A 


TT^+sp 


4 


C3-15 4 iyH)<«0 7 Q.32 ¥ (32.y%) 

(t(.qg+ ro-lT) 3.I0 7 ' 


-(C) 


|. An biUm r 

» % 

-t W j ;r 

T^' ■ 



-fwv <V-ft o e©i*rf-6 f i^d C^c^c 4 r/• f 


Q2- w _ v*icw C^ti 

^ - "“N 

_ U tM ^i - ^10 3 

<ii t *v 


C4^. 76y^ 7, ) 


0-32-4 
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PKOGiem <?.87 

hmou)n Data. are Icnoojh at s foies of a crwbme^l gas kxYai/ie- 

Vapor poujer plawt. Use air sfa.*dQ.rsi Av\alyru “W4itC- ^Oa UnUAe. 

<7 k]T> i "De+erw'me- (eO -TUg nat poujer, ah^( £io)-fW avayaM 4W,rn\Al efficlc^Ku. 

Develop «. -CuW 4.<xouH+ii/)4 of ft*e iaii mk of exevgw transfer fo-H-iA 

<tV puss*^ •pWfWJjk +Ue ax* f-tW'W^e. f-cmbuijor. ^ 

SCWMATtf, $ g.lV£/0t>A-TA r 

M ££g)/0 tj MO T> C L ’ . Ci \ EttcU tovHponeicf 
isfl.i ■ ‘ ' .. 




>Ccnil 


r^issGK 
El P\ = Li tar 


fiahoUSl 

^-4C0K 


/> s = I tuu 


t CovWol vMuvne «t sfede .ttyTW. 

Co*vvj)»v>sso<", ttvirbtM&* ,<W pcLv^p ©ozm**- 
oaiaboHc#. 11 m, C3) &s+A potevvfuO 

twwft eftet+s are v\«^U<vloW^Ji£« aVr 
IS rrt©a«4et{ AS An j<<eA) <^.(Sl‘lUcv 5 e 
are w© str*xvj k««f Uss&t. 

l AMAWVsts \ Ft rst , f - lx a W of 4 A e pv- tiici pa.1 
SWes. F© r fUe a iv, o 4 fl.T^Uslc A-ax. 

T r 3 ook:; k,= 3 oo.rt ^, 5 ^= 1^0203 

T z“ ; k^= “zox.s'x, s%- 3 .SS 73 I 

7 ^ = /SSo*<; k 3 - 1 - 733 .n, S%= 3 503 ^ 

~qc.^iOOK 3 — <?327 3 f S%-ZM 6 Sf, 

~ s - * U 5 - 400.48, s° - I .<Wi*H 

For-Me. vtyer e^cle 

^ 3 i £- 3 •* p^Loo " 7 ^- 570 ^ 
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Problem 9-87 continued 


TW v\<2f- -for 4ke. ^>\avcV ic 


W 




«L “ 


+ W v^>' t4 ^ +fc€ 4 5-215,43 WIW. 


W 


CL^lr., 


JL 


4 


1 M.'V 

o^iS/sl 


(i=J TW hetfot" aActL+ievv is 

” ^^flus ( U U-f) -^t c t.43Vll33,n "1o2/53)|—~3 80.7S 

‘ rw ^^ 1 f^r s - »•*“ (***> —- 

Kxensvj kc.ouKliM« 

TIa*- vv*+- evio-v^ v^or-ee*^ ef^ 4W. ttvY" pct^siVj "-VU'tow^U 4W ^o-s. fuvvbtVie. Ccvwbu.t'W ijs 

t 1 C V\ -M -T 0 c sVs\- <z p*/ fO 3 

-no2,«a) - £3o©)£ 3 5t>S^ - Z/S513I - Am. 

- T-TZAl ^W -- IMPuT 

’ *>> ^ '■ <&* ^^ \c u 5 - - T . cs:- s -_* ^4vU 

- C?t> c l J ' £ f3/toot>')[ > CAOO. £ lS~3Ci0.t < j)-(.^e | o)( I. £ hl‘f4-inozo^l} ~5(l 

. C^v^c,^ g _ ^ -_ vfe^Cl^W* A 

- £t?o.fcl/ie>eic>\Kz2BS,3-V73,S8)-t^«0('73O(‘)- evs^Tfc}^ 

- fc.Bs nw 

D «s4w.cKo AS : U.S040 Ea. '"To G* cv - To m As 

* ^ TwrV>r^f - Bd - v^T* (S^) =. vSi 34 ,t. [fe° - S% V £ CUa&V ptf] 

» fcfcl .43/ too®) £300) fa Z.%4 & 5fc -* ,S o®£<\) - |^ Jtu{ ifO 

=:8.4bS M.W 

* figtt*pufl£*3t£C 1 S ^ 

“ ) <3 oo> fa 2 JS5T31 -) nozol) - IU ( l ^V] ‘H.nN 

* terW : e A *w s v T o^n“’«^“^S)aoo^3on-b.t(p^*iL<4ttW 
• iA-w^f * HjL BV *sfiot s t~S' “Ot 5§ )t3*>0(0.s 6 ! feS-o.^zb) = d„o£ mw 
' E^cV^ 1 - -r 0 tvvy,CS^'S° -fij^f) + v^j.(s r s t )] 

L£fi£? )C IM t <?4- 2 * 84954) 4 <£~|J) (fe.fct.z 2 - 0^4) 

-= 15.44 |tAW 

SUMMARY Xnpv'dr : in^Z MW 

UtspasvUW ■ (z.i'5.43')'i- U>$se* 1 (iM5) + Tte$^t4^S'.(4"U42) 

” 2T4 AA\V £ WlucU OJ^'T'SCS '-oVVUvv\ 'POu.t\d-O^C) 

ISJcAc. j 4Ve. et^Aoyjv^ Os 

6= ^ ■■*P* , |i|dl .». 1Bt frt.rt) 

e,FeY TS) ""fw- 2-13^2. ^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PfcDtfLEM. q.&8> 

fc/opa/Aj : op*r*-h'nj arc. provided -ftr o>. c*►%»ic•' *1 r<V ^dj +u*”to‘‘*1c — v'a^»e3r* 

poeu^r plant - 

P ^D ‘ Tl-te Ca ) -H*-«. r~«^-+-»-r op euV'y S 1 -H* ( a»*d c^®Ui^ 

U) and'H^iv^Too^ 

C 'l C^' e [ ^ € * p^C E ^ Cc) EE* ->-^-^\ CJ P *"4 f'iML C^Ha^£7 * *vc d C ^ 

Cd ) lAit A^tx ^ C*j^^i'-e^ 0 ULs(~ “M'"'- 4 * f~ AlVy € 3 U^d 

(£) tK-* cV Ci_r^i'« d £u* tu ri^-*^ £^o/iXj tAJAfer. 

^ c ^ '“*■ i , rv i Si C ‘ *rt *P a4*« ! 

Mt R^te. q ,L3 


Cat 

Twr biAt 

S/m^tair Cyc f*_ 


Co oli'fld ^ 

St*>t 

L 

2 

Tf*tJ 

if 

ft*") 

I 

j4 

S4™.4c 

6 

V 

T£ V J 

foo 

P C-WJ 

tzs- 

*25" 

o. j 

0.| 

T« @ s+a+«IO ; T7t,= S0°C J 
<JM“e 77,= Z^C- 

3 

4 

S~ 

12S-0 

2.G O 

<4 

/ 

/ 

S 

9 

S*il* *J. 

eN@i/jee«iAJ6- Ai<D&£f. 

1. Set ifims ('5 of 

- 

ss% )»H= 

87% 


«t= 

«e&Vo 

2* T ft : 2o p ^ fti*r 

Q*[*\ 

a ?0HW 







A M A u-T $l C: 8*^i'*v by < yffrt otLW*\+ € &i*r%-h+-L p-uojQ+^b-^ tiptoe.- 

£* ? T^rb.-K* '- At 2 <??^ ; T*. tl r A- 2 L W,^ 2 <? £-2 f > n -( t $5 4 3 , 

Prat - (• tW3(}H) a ig.U ^ h 4 . s «tS2.Y ^ 

U S, i J*«.!voj»'t * r ' t '1/ 

K L =. Vu^. Oh-k») t«if.i-t ( f u-*- *<?•* ) . fecji.Y &z 
*=. . ?r *9 

A4- Tj-ISl'3^ hjilUrMKJ } J_ t4J .<»f. 

fV-H-fVl(f) ^s= y/2.^8 

Ui.'^t^ i^Wpfe. Kr\0i^ *ff.cx-«w«*j ; 

^,k v V\ t |.kj-lvw)s tu.?.1 - o.^(tC.tM-8U*vO' ‘UJ-ieJ/iy 

A*- Ts's.'*?3fcy *»r= *W.3*a|* 3 , sf-= 2..1 U2r eo/rj-K. 

k'o^par* C^tlg. : S+«au^,Ta.I» 1€S gi'vc+k* feddiufi^J «i<^t»-.' 

p 7 - nr bar Tj - SOo°C j ^7 - fc T /tj } I7 = C..4-U/8 k-7/kj-K 

s gs , Sj ^ A 8s" ^ fcl9 ~ 0 (>V43 >a7y^? 

7.r*o«* 

^as- -* VastWj'i- «^l-*3+(p.TT*1JttWl.*)s 20^4.6 1 

Vtg - k 7 -*\fc CHt-HssV- - ®.‘»(? 3 ’f« e- zoVfc.*»') =- 2.1 w. U P 3 /PJ 

M * lAr.>3 

l,, s3 ^t (J^f^J(m.! M) (^l^o+rrc 3 /^ 

Cool.>4 iu»W i K| 0 2P^.ltpa/rj J t\, f •« ^(Tr°c)= 

CTo'C) = »-V)4fc*' 3 lq-l'j ^AXSfrtf'Cl^ o.atiK3/*S't< 

Continued on next slide 


». = i.nvjHi 
*$K 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Problem 9-88 continued 


rin4t b AJ-d-u ti ■fo J l t '~* - 

Q; w -_ ^ C^-h t ) =, Sh L - goyn?^ ** 

rbr a. e^clop'n^ -Ekj iMt^c -t^c 




(A S s «"» c^'f-‘tr) _ ( ^|.+| _ / 3 U £9 

H-j-hfc <?*«■*- ***0 * T 

foY" fC Cc5V^ 4 y’*^ e k^d-tp| I 1 ^5 C*W*U*u*-A^ 

-- *2± t u 8- U.Q _ y. ^sC 2 -* 7 ^ = Zli-H «=9/j 

K tt - h >0 (j'K.fc*- fcJ-'Jt) 


TK# *w*- JWt*>ii- T '=i4AMiHt^id t>^ +t*4_ g&f cc 

vv<j- sA-W- i- {u t -M3 <*zj.a.;-(cf/.*/- 

» l, ' , ‘ rJ r-t,^l‘- ' TS ‘ rMW 

-Vu- V CJfi-t J -fU- f- L* 

;(3 ,Ul[6we. iomj - o^'O fe| * ** fe ™ w 

(c’j tw* ^ 

v\ ^ ^ 1 ^ - t 7-8feg + 8-^y - o.Sa .7 Cs2-7%J 

Ca;^ " 6b 

Idl TIaj m* Afctx 4 ->C ti t+yi'i'« <J o i -6 4 ^ 'f'^'-* «<K Wf t A O- Lo 

E^y-Efi^ ^gC«*f- e *i) - hl ‘- k| ) " T oCSf- i^-Kfy^/P,} ] 

Tkj» net A*.f «. e^te^jg ^ ^rA'fd 0»-t- iUoolmj tu.. f ft- 1 " 

© £j ( , -Ef(0 ** Wl-( e-f u -efiv") ■» v '*<^£_ - k “ ? -X>^n-Sie)J 

- (iji.lfc') -8J.St;-Z^3(0-W3- S-tlU)] I "ft 3 / = O.ICSaW 

C Smtt, 7 ±ki-t ^ 1*~> 6-Mh, 

di^U. ota+*u k #ied ^(hw Ha, s su^ ^ jt/ff-ed &« ^l4**«**if» '/t(^j 

IT c+.w "h? k*JJJLpt*M 1 d^b*. , t i/ -/aju 

2. ConT^eUf*ble c^^r*>*d o^-6 lu.H^ <t0 ^ J ^ 

-tV\Jl UJ^I L n < II *+ 4* **^M r* Hi r*. CT^ 

hKICHw ^au S fd ^ X*cir, AkOj ^*+« e^tr^ 

ii o*Jr S. TWi' to* 6*^W«W t* 1 * ^ejfiter.-h^ ^-pp^^cl^ 

cUityior o-^-^r t^e_A.ti 5 . 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



froblem 

jcki ouju : prov/ded -fw* <k co^bfVicd -hvk>;*\ ? - ^*yo*v* 

pl<nt i^v wl^ck A^ and Uj^+e r~ V'a^U ^ AT*. “h^ U^eirltV^a -fields. 
f OfiArrv^'nC £*• J 4^* i^jl+'C.T ^ A Or And ^ £^) -f U^ 


+M^nn^A ^ffi'c*'ciAf^ *fl -MXl. combined cycle. f «u*J &) 

^CciVn-hn-j o-f -f^ ™ + i^itr €«•>?< <>f 4^-t 4<> P*dti*\< 1-uXuusd^ 

Con« b ^ S Coy" &t -H-hJ Q 


i)-^ i 

StHiMvtic 5 Uve^io T>n-r^ 


See ^-23 

Cal CycE^e 

W/o^ri'A 

S4o.t e. 


S°CtJ/cj-Jc’ 

I 

300-1*3 

i ?oi.©3 

2 

Utf.Tfl 

a-ffo &g 

3 

IStS-1- Z. 

3-36Z.O 

4 

ise> 


iT 


2-»?760 


V^de - (OOMW 



Va.p&r Cy«k 

•Us AoVojflA* 

'S'fcxt ^ 

1 

ru 

s 

c 

183.9t, 

O.S77S- 

? 

2/3?. 3 

4.J63^ 

8 

ilO'f.T/ 


1 

173- 86 

o. S‘7 2 £„ 


£ll£LH6H£\>J& Mop^c; Ser 

U^ 115 * lLe^; n b g o b f*-* >**< H^x<_dx<i a-'F (lcU H iH'O. <^yo#_4 

S4**-W U T*^#k arc ji/*tn«aMj« d td -K^t i -**-bt*£ 

4atCydt 

jkkl-. Ti-?OOti. Title A-ii <j;v«i ln ( = 3»o-l«t i^T/c*}, Z°=l.JoZo3 

Kt(bj.J<. 

SUtti-. Pl)»i ^i( r V/iJ jfc.fcli ^ Hijs 4> 10 -tr I*a/fcj 

ftM K t -.h, 4CWJvO - (.t^f6 &3 . s *_ J.fo8* fc.3/e*. (< 

V\ c *J * 

S-W«a: T}--14-OOK. . v, 1= Iffiy,4t ta/c^ fV,j * 4VT-S" j s| c 3.36Z» H/*j K 
S^I*? 0 *f - &/ft)*<3 * = 27.SSl fc** u Kt-Zt**!*) 

“** Ka-.W-v- v^C^-w)- '" Ml “ <*.*8(«rf*l- 76f.u)= VS-8 Mfcj, 
s\- 2*71171* K.J/e^*«.. 

S+^i*-. Tj- ^ <fS«ic j , %-= ¥«.>**» W/fc*, Sr = t-iTf-to mlhsK- 

Vopg»' C^dg. 

i: P-, - S«b»f, 1 j =.Soc°C . X«-Kr/t-S ^i W j 1 ^ - 313 f. 3 (c 3 /t^ / 

«7- kJtl7ft3/*}K 

VUt*a-. Sgj = S 7 Mtsg tACiH —o-S^iA 0.3SS7- , *8S* S73.VS + .ten-UVoi-O 

8.U17 -o-rtW * * mvn^/ps 

cx*-4 v \(.M-MiV- 7l7f-3 * G-lPlIM-HH-'i') - noH-TfKJfo 

% _ x-ios-TY - <?• Vo-3S~, S 6 ~ o-r'iu.-* o-»oir(«‘'«*7 -O-ISii)* fc-7Z*it2 


>sov * 




5^«l: S.w^.4 L>^.MW. 4,..71«fii , !,-.». 0.4^ 

s *w v, wxk ,,v,of>. „ 3 .,.-(;^f t X" 1 »"') , i5 , l '■»'■" 

K t i ( K«a- Hi 3 - , 73 . 86 * fLSi.V TSt r»br^ttk^ : Hv 

V\n S / ^3 


■y\p s ' 

T.Wt.A-1 V'«* S fcT0.3-|7r»=T/^5. Ic 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 























Problem 9-89 continued 

£*0 "Tb fvnd f-£cLw rt l+*j o’f+Ka, l*-, } ^ f ^ ,'fi^ 

^ KO.^ tA-v ~^^_(_ u* ^ ^v C ^ u-^uVcA +& 

^=^ L = « 0 . l5 .„ 

J "n-*U Jns.'i- tf3^G. 


^ bt -Vvrffe*>'~* ^ +1^j- *m- 4" 1 -peuA-«ir 4 t » 

- O-i * Ml - ^ (ZS^. S3 ) 

c^i jw V#-J>*w- C-^ctju 

W i= vM ^Ck,-h g )- »**t I0«.* 

s^.V 

C<* l t * trK r^CityLlfl UjJ 

J 0 ^O.al-I 

W^t ^ vC^ 3 [c.*S?-«3) •+ bJu Oti^l =2^ 

100 -(CIO 3 ^3/j 


P^^hv j \jj wef *3. VJ ^ -V j ui j\wh uf l po M Uj > y 


tlj 

Ct) 


Vvn a 1 


^ (o-rt’HK/oiJ-S) 

Wi & = 3t>.4- fcs/5 


sr 2.11-^ tff/j 


+^t *1 -K^4. *■ ^ -H^l CjgrvvUb ^ 4t*v- *1 

J* a a " ^ ^ 

E+i-Eft = ^Lfri-^O-TkC^-st-^^/Ol )-*“£*■*«- 

" ^ I- 

"6 l4Ul 


TW tvL ^ V ^ i* ; f - ), 

aw .t»4o..vHC^ 43 j 04W £*.**,) 

' (.tsif-Hl ~ ttt 7»J 

f<) I TV-t Im 

t £s£-S?_«£&teM s/ 231.3 *a\fftS(f 1 <fi-U.?.7fil-; , 

V7.J 11 ***> 

$ 088 )j-^ j joljolfe 

Zu* (i*c- ^i)-^^ s “S~ t « £s ^^)] = gm) [»a-*i -^■« - 

- q.<(* MUi ' C lt D *| 

* a■■^■'iiwiw' 

VltfveVontJ Ui^e^-IiT «T.**S ^ ., i| . f>llMW 

» e d = ►HjToCSH-siU ui‘i‘iHi«)L ai '* t » 1,ff_?J( ' “1^^ ,a "J^ ' w 

, .. p jl TLfSn-S->'l " f3o.ilY^oolt 1 ^“ M5M W 

' e ^- ** *& J 1 ;* VJLJk ..«W- ^ 

» P^rp • ei% >^sT B (s<.-m' ao.'iJPot-H ’ „a= r w 

i 10+3 MW 

Su>«w-*r«: Tao<o| Jltl^MW , A 

^5rrw,K^vJ»+ L«m.0i.»o* >«*"»"W< - “;^”'^“‘.V^' *’ 


Lor^tr 1 


i twi^fKir r; 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM 1^0 


K UQuirt : <Kf e pros.*.* -for a, to^ig.vH -furtuVifi - V^or 

pOUJ#<r fn. wWck A*\ d WA+e*' V^or "+***- UJor^-^-j -f i o f<i j , 

^ ) tK+ f-Co^, Ifvxfffj */ Hin ^ Jff &.*,<{ C(5 0 i/,rv^ 

^ +kj ^ +h«l J 4C V^ar- fyc'^ 

rerjjf t h’vc, £t; t; T « * ^ "j c 7 C L e ^ a <;<* ^ 

* -f^VL t: ^u^-hVj ^ ^ * **3^7 Utrfftft of +ke afr faUUs 

*1 -ft*-*, -j j^rhi'nc , 

ScH'C^jTTlC <££n/E*J TMTtf; 



6rst» C^alfc 

5UR VUBW^ fr»£ftWll»^ 


1 

m.n 

0.5 4 i’ll 

z 


0.118 20 

3 

P14.44 

i tOOUZ3 

i 

?$2.3i 

0, St 

B 


0.701 Hi 




Sh?A<- 

yn tqt , m . 

U4Bh»vM 

si BWiV**} 

Ck 

1440. t 

l.biio 

b 

4**.0 

1.1045 

c 

1,4 .H 

. 13H 

d 

T4.il* 

.15411 


£ftj£/VEg#i^ tMQpe l : 

t* Sec 6xa**p^ ^13^ ifc/nW-S’, 

1*7 Wmi 1 - 


ANMV515 ■■ F^rs+j f-^eo^k et 4W principal 

sMes * Fov VV-c ya EUrtn^e o^ dc i 

Shjute, l T,*5Zo*R ■& lij" 11^,11 foWlt 

F^* MM , S^v-Mfe 1 6 /^ 

^rbifeZ- For iWMipopOt cvnfttzti'ff** , 

? n.** fcWft) fr, = IH.S1M 

^JkSmj i-Uft ccnrwp/eisor £ftiMtV\Ctj > 

k ^^(liJAdba^ *110.31 6^/lfej *1- °- 7 7SZo &-./&■ *«- 

. 

4t-o.U 3 r,*afcoo*<? *S> Irt 3 * 1*14.41 6 kt/(l> Jpr,^ 513.5 1 ^j= I.ottt.3 CW/i-A 

st-oAe 4 fr^ »(f^/p s ^ fv ? = 4Z.TIX '*> S s = 341.1 ftm/lb j wv+U 4 t »-0B , 

k 4 * U»- v *tl\.vWk- 302.51 6WW> ,s^-.c.3Un^ Ift '’< 

*h>*« 5. T s - 8 H 0 «H ■=$» Vi 5 * 56i.Bti BWlL . sViO.^eX? UkJft'K. 

V=or pUa va-por cuc.W ; / 

S-fn-tC o. p^woo IHW^-Ioo’F ^ Vi & = 1446, i *j£- t s^- 

sytv p t * 1 iwiiU*, s bi * v =0 U w ,i! 400 .it. 6k.ni,. w*w v = -‘ lo > 

H k t 4V-^ ‘‘tJW.O ewib ^K b --fl.%S't^J t) =l-16 < H^b* t: ^ 

SUlH. e. [=•**■! IW/tVft J Sak ItyUA => h t ■ bl-H Bk-nle , f e * .t 3 n &«J ll» c t 

<;lo-l& ti p^ - 1000 IbftuA , ijj * S fc TaWe A-S£ j ^ Z. 64- 6k»-/lJo 

u)\\W^-=no „ Vi A ^ -Tf-iW BVy ■ ^ll, i SA^o^H-n 6WLk*K 

Q Cr^b/e^'ie) 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




Problem 9-90 continued 
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V* O {<* bvt 


0’ *WlV* 4 -Wi 4- Kvt s+ c K rf - U a \ 

**Sl " V ^' ft ' y ' -^. 4 tl3X(0' 1 lb/k- 

Cor^fe mi'r^ £^^ 3 ^ &ia^ m*-s* balances -far 

O = Kt f + *w«* C Li tWj( - M - k £u , i0 ^ ) 

Solving -fair Y* tu) £Uci WlfU '*’ *»fO0 

Ww - "Vf-!TTr:—\ - i.cnxic 1 ’ ib/l* 

V^Uo\ I #n •*- 


VV4 


‘tvo 


rfai -rtut K*V fouxw-? 4 Va 3 &t -HwtVji'iac <^JU Is 

W** * ^airl( V U «0 -« WU^3 -- i-bT^vo- 6M/U 


for -VW v&fer yowcr 


VJ 


Vfrf 


\_(U & -^i*\ - (V\ A -V»^T *4.n<t mo 7 ewU 


t£.) tVx, r«,le mVo +W combine A. ^cl-* is 

^in ~ Vv\ ft ; f CU^-Wi.^ - 7,403 Mo“l BWk 
-(VjUO ,\ .7 

% + VJVT(U? 

H- — 3 —r-^ - .sm csi 






u* 


y) TKjl i^cifeowir ^ w. * Air p*st i'*J ^ uyW-H m, tt>^ 

fUj. ^a* ^ p 

£ 43 . £ 4 ?. =. « ftir - t« 4 j- e * 0 ’ «■*..■«* L ^7- k O ~ r ° ( l V-*z~ R^A/f\)l = 5.i3< K *0 


Losses■♦ 

* Ai/ OWf CfS-Ef| "^ lf 


= 3133^ ®*VA 


Co *4 Jr*at+r ■ 


b 4 (»•(=)- b f (4c^) -To(. H19*V -Sf C^F)] 




4.io3V/o k 


Continued on next slide 
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Problem 9-90 continued 

TV/ fy^c fre* £ * — ^ 

q^j4u^b-«e: £j * 2-nJK^ BWA 

'. 6 d ; ^ j TT7 )Lf o 

** £ <i - hj-L^ X *0^ / 

(^-p i e 2 U8^'° 11 

lil Sfjw a 

CartdtM ;h^ '. 3 . 1^ Q C * c - £fc ) ■+ “* 3 c**vpVi T^l " I‘2 3^. fo^fl h*Jlf 

(■[(*1 QtcU*v^** > £ j - To C ^t+ £ ^ J + £ fr- 5*4 )J = 3- X. /o ^ 


Cl^p^ * 

W* T + = VJ^Ai+W^ : JS*S W/A 


"S'iy ^ ******* 


5 


Ci^rjjvj In puJt 


S.i’Sf Kro 7 ft^-VA, 


* "Da p*j.'K*«* 't u *- 

r»v p<t4*... 

@ -Vk+ P«y4r tievcilfti ?• S"tf Y'O 7 Cl3 S%l 

CH-7%) 

-Ct.rv,U«« 3. S^3 * i° & P**A 

S-T*V>‘ ftJG^fftv/hL 


l fc TKj j^«r^ icf4ygc+\(?n £t^bt* *.4* d u*r-t^ t& *%^A>v s h &J* y+r 

^ H-c fc'J J UJUictv ci Gv*. 4^-t AiV - 4 f* h 

4^ ii S c« a £ f gv* u^C v*-*41 2. H +-U-t Soi u-h -ft ^^3. 
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PROe>t£M 


kAJQgjAj : AiiT 15 +(*£ fl<-u.e( u* cjua EncSSon cm cte tol*R\ J(*Jco*. 

KnoioA <x+ Various loccx+ioAs. 

P/ajd 7>eferm /'m e0*) ne-f powe*-developed ,(fe>J -fke dkerp\aA 

eCficieift&j j a*\A CC) rafio. 

5CH^M/Vrtc & 6U/^/JPA77V - 



HPL ,, 4 

I tolw f ■ I z 1 

■ J " <1 


////// /////, r,*Hoo|< 
. R=(0W 
-AAAAAAA [ y ■ ■+ ■ 

Ideal 


7^=ic>(3h: 


I bar 


ire^e-*v crater A 

-aaamm— 

3 sh77v?rs/>? x 



EN&lK)g.£glfJ<3- 


Y>» s 5 

N\ot>£.i- 1 : (j) Fach component is ancdcj zed as a c«Wrof i/°lu>we <*f 

SfeadUj S-ftde.(Z.) fy\ ?rote$se$ are iurterrially re .( 3 ) The conyrrasibn 

aw( ev^nsier*. processes o.\re. /s^er-maf. (¥) Kii^edic ^y\d fo{eiA-h'<x ( energy 
e<$o.<d s are ne^/igiij(e ,( 5 J the cuV b«kai/eS ac ak. idea/ ^af. 

Aa/ACVSIS : (o.) Tke -fur bine po^zr is evaiwateof usii^ 

W t = - rb J~ "Lrd-p - - no R Tj iJvx^z-y p,') 

’ l i _ i 




and, -far 4 W com pres 3 o v~ 

W t = mRT 5 Q<A Ph l ? ^ = <Hl.2kW 

Tkus 


W6.26 tclY 


Wc^cle - W r W t r ^fc35 kW«_ 


VJ 




(b) TKe 4Kefv«al eftaciewctj is 


x-.-s 


3eo - 0 766 £-7<g.fo%L*~ 

IMOO 


K 


Alter iaa4wcUi, •ft' 01 '* evier^ loabmce «m Akc.-hA.vb\ne ^ Qfu'Wfc . ikas 

H.- ■£** = J*iL = 0 . m 

Gl 1 ia 4 fc 2.4? 


(a) Tke back loorlc ruKciiS 

1 W t w\.2 


MaJ r = 


\N± 


Hfc2-C 


0.-214, 


kwr" 
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?Roe>LZ*A WZ 


See. Problem -for 5<xmple cttlcuUh<m$. jlta dab -fax' -fke re.*LureJ p/of 

a*r o^kAvuid uiiU^ it, <s& £cUouj>i: j 

IT Code 

T1 = 1400 IIK 
T3 = 300 II K 
p3 = 1 II bar 
rp = 10 
p4 * rp * p3 
pi = p4 
p2 = p3 

mdot = 5 // kg/s 
R = 8.314/28.97 // kJ/kg-K 

Wdotj = - mdot * R * T1 * In {p2 / pi) 

Wdot_c = mdot * R * T3 * In (p4 / p3) 

Wdot_cycle = Wdol_t - Wdot_c 


/r Results for r r = 10. J, 1400 K 

W = 4626 kW 
t 

W = 991.2 kW 

c 

W = 3634 kW 
cycle 

Plot : 



fp 


We see. -fUe power \tXoreecje 5 cOwtpr«ss©r pressure 

UMti. potWx iAa-oa»C cjcle 4e^^erM-tA-re -for 4Ws \deok\ze.Ji uyrte. 
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PROBLEM 


■. Air is Hi workup £UuA m <Xw Ericsson cy e-l* wi4k Aato. knouM 
af various locations. 


^teruvuAfi, (A) n^+ U>prk *er U-w,l+ vi*a?s pf Aw flowing avA 

Op) ■H'Jt ‘H\C'T»'pcI e^^vcicwcy. 


E1KJPJ 

^gkieHATtc. j felV6>J DA-TA. ‘. 

P + |^=t2, 



a»$J 


COKHf . j ^ 




, ‘m ttiuuu 

*—^—VWVAAA 1c 
Tde&l 

re^enerater 


Ti"Zisa 



ir 




T i - Sfca° ?7f/?//7f/ 


-aaaaaaAj—£?— t 

777777777777 ' ’ 



Moae i,i tomponcwA "is awAtj-tett as a. ton+oal VuUuuac. at skcsJt*] 

StwH-CW A-U processes ar* int-evvwtll^ revevsito*,.^) Tke comprcss iV>i\ <u*4 
eicpansian processes art iso-H'vermal -(>f) km^KcaujC pottA-HoA energy effects 
are falfe, ts) tVi* o-vr WV<w«s at aiv idleal <ja*. 

AwAUf 5is ". ( a ) The ■KvAmac. work. Is ■eyalw.^tcJl uii^ (e-iel 

% •- S>A 

' -($£ s ^ /,t “ 

For tW Cmv^pressar 

% - *t s M%) - ^.Jcaoj^n-- «■•* BW» 

tVuu), Vta kxA uoorU. vs 

^ ^ = 39^-9s,m-ot^ ^ jjEjj k 

Ob) -Hvermai eft it iVvi tij is 

n - i- ^ -o.ist ^__ 




AUerA<4vjeUj , - W_* + cy^O * 3913 6*n/U> 

*-* v-^—r 

3S13 
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Ptio&LeM <3-^4 


^ ^ compass ,V* mfu,. 

OH^er^ d.<L+a- 0 .U 0 jjweu -ftnr 4fija. t^d£* 

£iw&: fcek<W»*tAj ft* net work, <Jt>> I'Ve 4W»n*l effick^ , ^ 

(p)+W effechye pr^Siu^h ^ J 

SCH6MATTA it fetVSO r>ArTi4 \ 3 




T7 = 5 fo K 

^ Pl " 1 b£* r* 

gfrJi&IA/SfcftnJiV l--- 1 I v . = 0.00‘S m 1 

, ^><PP g U ? O) The. air u a. closed stjsW'i.(*) tW comp retsiovU<wJ! 
f LifT^vT are. itoH\er^l .(53 All prot«f*sei are 'i^Ver^tLu r«v/a-rsib\e 
V J A rt I'*®*, 1 ^e-^eretor l£ waUofek. +o 5 W +M. ewe™ nefected at 

r-^ V ^r * h~* mpi* <W« 3 tW cc3l^ J v»We 

fteat- Wstar process. ( 5 ) Tke air beWs as a* ideal gas. 

A^»AUYS> 5! “TK* i~v rt c.i 




-. ml, * o.omks 

(US, ■SrO 01 **) 


Cfrj fijr i:W* *v***-Q c i f f 

« 

- UpdV - 'MU,!, &* 

^iVUArUj t \trc -Wji &*paw$(m. 

vJ M = vv*rt 3 JL ^ =. (o.ocm^IsS)^ 000 ) l*E*0 -<*07 

fWujjj Wc^eu - w lt *u\ s = 4.iq icr, _ Wc ^l * 

(ty lW -Wienroal ettu.{«iAcg U 

----Jb 


#r V- ^' J t£r£f~- 0 ^ 0 

L*= W?y BA*.nie) 

re.l Tke watuA eftecKve press^e It 


Wc*^cLc 

w€ P " V L 'Vt. ' v*O v ‘Iv 1 s ) 


- C^.Kt 

VS) I 

\0 ? W-n* 

|| \ tar 

(o.oo avw’Hi 

-Vi ! 

\UT 

Iko^/w 1 


t S.SfH ksr- 
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pRoetetf ^.95 


1$ -foe. ujOrUiUg fttuh/ iU a. Shrlfog c ucie , T^-fet 
-fbr ly&rtcu.s iVi The cycle, 7 

TWQ - ^eferwme CiJj The ux>riL aW heaf bws£er fcrr ea.ck proofs 

<XaJ- Cb) foe fheffyU,( efficiency . 

5^ K-eMATlC £ (p L vgAJ f?.4.-r/i i 

r 




ErJSi^g£/2^& 

model: (o The helium is a closeAsuskm. 

(2\ The c<5mpresSi<?K es/wnSton Art li^'Aier'imt 
(3) AH processes are. iVife»wdlfy teversiWe ,<Aj 4v\ 
iAls«.( v'e^ftweva.jor ti a ytuiabk -jo sW* +lte.cne«jij 
■fmt^sferr&A by heat du-iawg oor'AaM voicime 
processes.(6J The hektu^ b*kat/es AS An /e(ec4g<*». 

A/V4W5I3 * <An flTTisCe/enhg eActi process 

Process f-2 ". The work jV tfrlaxiaied ustxy 

^ - Jl pc/^ * R r, Sfo ^ - RT, 

_. / »gns u-u>* \ | 

\H.003 )l?78 -tf-lif 

prom dw evie^tj loftUvice 



E"t3o Sfef 
fn‘ 


P. -t5 fk/ih 2 * I 


-\J 


(SbO^Z) §*A*{Jl.\=-b'h%l Bfit 
Vi So) lb 

\ ^'4 


% = («*<) + 5? --- «1.i 


fll*/ 


^V\ 


Prac^s 3-4. ! 


W 


jj 

wx 


= RT 3^^ ~ - «?T 5 jlu 


v. 


Pi 


/15HB \\ 

' -1 

^ 4*003/ 

Ti8 1 






avxtt to <a^« 3 *) f *22?8.*i 6U/IU 
Processes 2.-3a.hUM-l ; 


&W /V* 


to.? - (i _u 

m ’ Ut 5 u i 


<5. 


W\ 


i - u t -u, 


to _ _ Q4t 

w> ~W\ 


(M The 4U*rm^l eTKciewcg <s 

Wa o. ; - 1| 0 _ + w^/wv 


Thus, it the n^<n«ft^+£?r u fde<c( y 
AW*Y«. U vto tA-^-t e^cHe^e e-f 
e.Y\er<jij UitTUAke- s«,rrou.rAihjs. 


Qu 


A+filfrtafweij 

v>- 


to 

T» 




I ,. -^°.- ■=. 0 *114 
‘ 1^60 4 
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PR06LSM 


Pa-tec am knoton -for 4 Uef-uybojef engine o-f proWem 9.77. 
Fi^D '• Co>l<kM(M< +U.e -tUruxf *tev«tcpe4 by 4 ke etuji'ue.. 

SCUaMATtC ^ &A t/g*J -hA-TA : 



gAift.lUgfegUOfr ' ^ 

:CO tkc cow+rol volu-w*« ’us ceb s.-Ho-cLj s-Vcidbc-. (£) tW -force 
F* is fU«. vv«A force o.cVv'ug ©k l&c. cowVrwl voU\*^e. 

Ak/a l V 5^ ' ^Tph) lM 3 

- J9.JS IcKj 



T- to tke. j-eft 
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pKodusM q<n 


k-NotoO: ConcU+io-iiS are lciaou>v\ for Iku. Vurboj*!- i'k 

Problem <1.79. 

Ft MO ■ CalaU«Ue Hjz. HirwsV developed by fiut ewg\’w.e. 

ScUgMA-TlC j fctVB*0 DATA 

5 


= 300H.O Ws 



MopgL.: 01 ~tW go-vOtoI voU*.w.e ti at steeply state..CzJTbe -force 
C9 p x is fkc. wef -forte ojj Hut CcwHrol VoUuae. 

AWAtVSiS*. AppUj 1 U 3 <7.31 

f* = vv, (us-nl 

*(SS’'i?)(3oo'<.o-72>\{±|—Uk- 

V SH O [12.2 lb- ftfs 5 

- S'tS'o Ibf 

"tta HvrwsV U Hjz force developed by fLc. e^me. tWs, 

F tWt = ~ F x * ~ Sq ^° - 

^- 4o 4W 'eft- 

l. The etfccf of Surrounding pressure an tUe cow-prof wLu»<e cance/i. 


4krw.it 
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PROBLEM M8 

kMOu)/0 } k,KOidXor~ <X -fttirbojef ujfPti (ftCP&rjjU.r'hef" as, ik Pr xhlerty 9,80. 

EiMD: £ij/cuiafe 'tPet-hruef developed lo^j -/Ae Cngr'ne. 
frgMA nr. j CMtfAJ TM-rq ■ + y 




\T S - /ojo rti/s 


v 3 y 

rt4 ^ vo,u ' Ms ;s a+ «w..« u, *«, 

^.sHehe^ ^ H^e^n^o/voU imc. ^ 

— ^ Eg-^.s/ 

® ^V= ^ - V^ ) 

= (ts 1^)( JO so - Z2D) f - 1 ^ N 


© 


. i = Zo.lS LsJ 

I to' Pg-w'i/s 2 I 

"Pul.^ 4ke 'HwoiP is-PUa -feifee Aqvq. I©pc^t Icy -phc consol voUa-wi^ 


" Be *, 2.°-TS RN) ^ 
^‘4o+ki |^f+ 


-fk/utf 


TvfvTc! vclu,me 


Op 'fUi. 3uV(T0U.vuA( y\Q AS'CPC^u.ro 44,. * 

boiw\4*a^j CajwcjuCs. u u -- - '"■ 
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PfiD&L£rt 9.^ 


The. furboj'ef in Problem 9.19 and He modified fu,f~bo j&f >P 
Problem t), gj a,re. re.com ide-red. 

EIAL fi'• Calcul&ie -ike. Hwusp developed by eacU. Ue.. Suo-it*. 


Scm[A^£{C i 61 !/£/J : 


u;osoftfc 

vvi - ]*W-S 



300H,0 UiL cproh.^i. 71) 
32lS Ws CFrob.^.ef) 


/Ksc’ivliPr/OdiS: CO 7ihe cento?! volume, steady state ,(z; He -force. 

(D is ib-e. nef -Porce tfc-fHj g_n He Cort-frol volume.. 

famxm • App\ym 3 e$.<U3| 

fr =, ^^-^7) 

The. -bhriAfl" is Hie -force dteVelopefif by -Hie. covT-taal v'Diuf'vte, Thus 

^■fkrtLsf " ^ ) 


-hnser-fi Kg values., -fifot- for 'Problem '■t.Tfl Cfurboj<z.f) 

F ^t •- -C ^f)n«Ji.o-7so) f 1 lkf 


32-2. it-ffH 1 ! 


r-^SOlUCHHtek&U 


Srfoifor/yj for - Problem {tarbojef t af+erbitrner) 


Hru&f 


= -C ^)(UiS- '?S‘0 )| 


3 Z, 2. 


fhjrugt 

Cprdb.I.-iV 


- -(^07 % (to He tafo),*_ ^rajf- 

The addiium of G.y\ afoer burner- increases He, velottfo of CJeses 
lecu/mg the ev-vime . Xr-fhvS COS€ ; the result is <k, R.H % j increase, 
in fhrurf- Me^etopect by He engine. 


LThfJ effect of the savrou-rtamg pressure Or fhe c<m+r»f volume 
boundary auaceU. 
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?££>6tEM 9.J0O 


krOoiLonOA furbeje+ eiA^tue is Clia. tsos 

CJV-e Ui^owj-n «.+ VAvtous /oCA-f-iorti. 

£njsiiX‘- Ca.lc.atft4€ -Hie 4'Wu.sf. 
sc hematic A r,iv£ki e>atA '. 


Qlll 



V-* 1 


T^kcfC 

h^j o.eq 


tSfcok; 


f a «tB kPft 
r q - ziipK 



£U6t*J£ePJMfr 


V^- 2b5 nH 


(A-vJ ;z.^o w> s (s 


K - ot -| 

* %=i&kt 5* 


Mob£L*■ Spom<l as W Exaw^le e*cepV Vi c = o.8l, ri^so.^7.' 

Aj jaj.ij si s. ■. To cJe-Ver*mwve 4W XAA'fu&t - , ujc. toc<j<W til^Aivv^ -fUe v&loecU| «ct 

■fW Kox^-k exc4 v \J^. Ftcst, ■Hx eacU e+VW- f’fvnei.pcj *Wes ^Table A-£x). 
iVW T^- XK-IC =£• '5-47 » Pr A - O.^4oee 


SWVe. I, AfjiLjivi^ -VW. cwwj *3 Wtxuce Vo fW eWV user - j 

U _ U L \r 4 - _._ kT a-t | *j 


o - U + a. - U . tVas 


K 5 - 2is,n v 

^ *- 


k^-wtls 5 


A 

t UT 

7T 


iJ.jsuD 8 i. 1 A 3 

Svuce. -iVvt d^ttruser U eA.siATtfwl Vo opa^cie \ S(iu4rop\ca.lVy 
t, AWf> f A ft* (_o.l^4/ diMoS6 )0« k«0 Z 30,3^3^ 

&zk^Jr isftwtropi* Cwpflrtsiwv, ? ri Cp i /? ( ') = ^ W^SAS.ug' 

WvHv -VW. corv^iritsor e{W\«v»cy ,5 

K x ■ 5B1A0 fcS/W, , p x = 1S-p ( e-f5S.fc kft^ 

Skk.2 Tj-iStOK Wrf!^ ,p r3 » 3*^,1 

SifikA Tbr A Uwrfc*)**j W c |£ \(U r U 4i V tW 

,^ s 1 ,0 ®''i' 1 ‘‘f'JS ♦ W rtl.SI «»l , <fb,J^ V 150.0 tft, 

tot Ha Hfyvc. iWft \ wc ^ 

V^=. W*,-c ^'Vm^VX^ =. U2<1 ( 41 WJlUj =5> 151.01 

SWe 5 Tor Vsi&aVo^U. e^paMSvirv. W^Cnj^U ■VW Vkot^Ac, 

?<ss = C?s/pA f O =IS.\13 ^ U s ^ -^2--=-l VHT^^5 

Mow, vjiAU -VW. iseAxVroQ'ic v\oZz,\e cRViCMCy 

8 ^ %^-CU 4 -Wg s S _ 

= Kp7nVz. (uz^ai- bzs.bOieJ ko 3 w-w[ [ i 
J 4 1 wt I i ij 


^as.7 vnis 


K)ow, S^.^.3l +o a. oewWfi \ioVuv«ii evvcVosiw^ 4W. ew-HVe 

a 




LoWux Vs 4w. v\eV -fe^ce ctoVm^ ovj, 4W ccwWs't vratixwic-, 


Continued on next slide 
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Problem 9-100 continued 

"The- vwic, ^ -Choui rote Is. Ctru.wd! yv* - &r)J. 0-_ |W Uju^«_ 

p * 0& kP*e> 


Vk 


id* 

l 

l k.T 

, \o ? MW’' 


3.444 


tW<, 


Vvk = 


2.30 




3.444 

F x = (u.1 8 ^ ^88.1 *-,/* - 24>5 Mfs) 


\ w 

i UM 

1 

lo 5 M 


48.33 Uri 


pi'Afl.Ut^ J AW AWusf is Aw Aorce d^Moko^aA ]ey 4W ev^Cwe 7 Oi 


F w' - < V--“'8.33 W* 

■It» 4^ IcCf 
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PAOGLSM <?.101 


: CortdH-td ns are knou>n -for ihe rum jef cuaf^se^ i'm ProUem^te. 

E/A/D.- DefermiVie fWe ra-fi’o of ffe ffrusf develop ed fo fUe vn&ss 
•f loco rate (5>f aCr. 

5_Ctf6M/VTlC £ Ct'V&AJ PAy/y : 

J 

\T s G^H.^ yV»/,s 


EM6l<J E-ereiMO- 

MOOEt, •. fi) Tlie COh+mol volume is a+ sfeadUj The -force F>t 

© cs fke nef force a.c-fi*j y\ -fUe covi-h"^ voUctwe. 

A tV^ YSi fr;. Apply 




ov" 


- * v^-y 


m 


= (w -GR4.M ) 


w 

s 


I KJ 


1 laym/s* 


- S^.G 




kg/S 


"The. fWrccsf is fine force <A*.oc.lepe«( Wj f tc£ me . ikccs 

- - III =. _ Si4,G ^ 

vG ^ * k__ 


z 


hu««*/ yC\ 


+o -H^e \e.l-V 


(.The effect of fke Su.rr<XA*^ctiv\g p^si are cont-rol 

Volume bou^clctry c^tA-ceU. 
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?£Oe>LEM °i, 102, 


K bteuM- 4ir -flows jkrougl 1 A horizontal ,ujell- ihsufafectAuct of cons-taat 
cross- Sectional Area.. Data. are. te-nouon cut +ke in («t &M ex'd-. 

EMU' Determine the m^uil-iMe aM dtVec+i'on £>{ 4Ue iac+ horiz.o(rta( 

'force cxerfect by 'Hve tua(l oh fke a£r_ 

^HEMA-TUr- .t felVgJJ PA-t^: <£ >/ lll!llllllni//if/t////f///,///M/ifa r 

pi 2.HW ~~ > L,. ll/rr _ - , - 7 A - > * vn =. frooJcg/itni, 

'n-H'Sok tvuiuwTifiniTiuui/ifJ/i77/7/7t/t - to \^n 

I—>x ^ ” G>25m is -force t>t Ita Auct 

6M6tM€£ptNar V*j*U qvj 4ft t aiff . 

^ ■ 6) The control volume is at steady shite , and Q Cv - w Ci/ =o. 

(Z) Potential energy effects cure negligible (3) fUe air- behaves as an icfealgas. 

AA/AiYSfJ. : 7o Find -the force F x # Ute. need -fo evaluate the velocities at 
QavuXfT) and. /> z . Ttrsf 


V. 


And 


v: 


«£ A 

Ml £z)<no) 

f tar 

j lO^W-vvi 

p 1 

C 2M bars ) 

p S Kl/lM 1 

| 1 tT 

TCdVA 

= O.Otqi ^ 



vh XT, 

C0 

A 

C O.oyqt 

wn 2 ") 

“ IVIO ^ 


O.STlMZm Wkc 


(o tib\c& V3[, « eg in uMU rhe, e,nerq^ vaiavice, cur steady sitf-te. 

o -yCv + ^ [Ck-'*0 +- <A^-\ f gC^T-i*)] 

or i- 

\r 2 = J 2 . (ii.-tix) + \r;* 

Frorv, Tai/c A-2-Zj K=43l.tl3 l^r/tc^ 1"*,= 370,(*7 tj/tj . Ttuus 

v^Juhm .Ml - no. A) u-1 Ua^H 1 ^ | + 

= 3{,H.O m{$ 

Kioto, iwi+l\ A\F /it, 3 A 'Jr.f - Ai 

A\H ( O.O^qi M*-)(3G»*f,0 ™(s) 

= v - 7 - _ . . . -= mVU, 

m c / o b/s “ 


V, 


AM. 


„ __ RS 

*' r f M8T*A 


^z- 


IO‘ 

TcF 


O.StH U = SR.^ t«k. 


FiwalLj ( asiw-5 E^. c (.' 5 | j p, A -p^A tF,*^ tku.s 

vu cn-^uc^-?, 1 ! a 


I ^ 


= C 10 ^ V 3UH.0 -HW.7J) “ L , 

s / ^ ]J k£j* ' 

= - gzts Ni C4ofKe _ 


(O.^SM-Z^Ur 


IO^ Nf ivi’ 


i ]&0JT 


(0,0M9( 

h 
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PKoecetA 1.103 


{/Jafer {lows af s hz.aJ.ij %-hxic. through a. Con^ni-cfdmeter 
hodzonip-l j> i-pe . ~Dcxi'cx &-re. Icnoujy^ for floco through 4i\<z pipe, 

D&fe rm i ne- -fhe ctiKecfiaH. &f ~H\e h or i z.o irk\( 

■force weeded io hold -Hie pipe m place. 


KiVOaJAJ : 

FlNTi \ 

SC^£MA-T1C £ &U/£aJ DAt-A 


1 A 

lOA+cr 




—_„ _ „ rh = J.S \b( s 


7~t 

U 


d- 1m 


no°F 


P-j~ P, - ~Z Ibf/lt* 1 


^IA/gP./? tAjf^ 

MOpgt,:(n control volume is af .sfeadtj sfa-te .( 2 ) TKe iua.be ir As 

wiodetecl at )^GOMpr«stlb \e t uJlth tT 3 @70°#= -Gl T*ie of the pipe 

is ctm&faufc. 

/WA-lVSlS • 3e<pVi ujifU 'flie. rviass balance 


m *>W 

/ 

AJou> ; apply iny Bff.9.3/ 

& p /m -fit/ = ^ <j£4r;) 
ar ' ^ = (X-p.M «(p*-p,X^*) 

= (-2- m»v) (* C**! 


- -G.Z83 Ibf OefO^_! 

TkCs >5 4fe -forte ef -the pipe (m+U.e fluid t acfs fa fne U(4. Since 

tUe. fluid force Cm 4W. jj>ipe is +0 +Kc- n^Ht, fWis Is also+be dirccf low at 
fUe fierce re.au.intd. \o Kold 4V\e. pipe 'in (place . 
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PKOfilfcM 3.104 

l££iOujM.: Atr^towJS-fUrtJU^U A tocW-i*su.U,-W, horizovtW ctuci. "ba-lta. are know* 

af4ic. iWe+ oW ex'tf. 

FWD? TWermfoc 'Wit-force ZxerkJ by #re<uir©* H«€ ■Aac+- ^ ctirecficm ©f- 

+iou>. 


£ctf5M47/c £ 6fvgL> mm : 

EM6l*JfE£)K)Q- MODEL: 


^e<2tor 




0)Tke con.'h-pl votu,me is a+ s-feiwLj / _ 

state ujhH* Wtv cv = O. Cl} Rat«wfia[ v^”=5o^I 

-eneyHy effects are ^egt'jJiWe. ' s - 

(3)TUa a nr is too deltas: an i'a&d 
qad.C4)T^-force l s + Ue -forte e* 1 
Tke <Auc.f _OM five Air-. 

A*?AOfSlV . A-ppU^'t^g 

F x + P, a, -ftA*, = mcv;-v:} 

0 ' r 

MotO, -AiWcl \J"^ US ilia cvvy eviev^vj bcUorite 

a V^°7>C + ^ jcU r tiz\ +V£v£f) t5pe&)] 

tOhcne. rv» ( = tv\^= vv\. "T^ua/i , lo rfl\ efo^Av-orvi Table A-2.2 

JiG^-Uj+Nr t 

--y2 CS03.0Z- 44..U) U- |>Ja^2is^jlo!N^| + So * m «/s 

^e*+ , Cajcwlofe. A , Oa/vA A*. USilAfi YY\ =. AvT/^j- Q,s fo Wows : 
fV\ \~ "" 

VT V,f, 


^nloair 


T^-^HcK 


GO 


NT 

7- 


2.-3 5^ 


A, = !^! = _ (l 


Silviiforlw 

A- = A(ft& H'Mo) |iof_| = 


Cli bar) C 50 m/s } 

2.^3 2 x to" 3 m* 


1 Ucvir 

|ioV*i 

to 5 uNv\^ 

' l leT 


28 . _ 

Ct)C^S4) 
tr\s«v+m^ values iiaC*) 


7— s - 5.1 Xi 0' wf*- 
lo°l 


-(| ^ )( 354-5 0 )^ -i——__^|+ JYi W]( 5 .ixt §h to 2 ’-(fXiD *)} J 


- - zoo 3 W 

FaCv/clujcf —- ~ ~ 2.009 M ffoffe v'ujK'U 




io^Ah*- 

I l<?ar 


F 

a^/ciuct 
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F&Q&(J=M *i.ldS 


-t-deaf ^£is &f a. knoujM 'fcmp^ns/i^.re, 

EMU ' befevmi^e -fiie Sonk- ye/ocfty. 
dAm.VSIfii f^^.37 Some verify. 

&) Alb at bO°F - 5ZO 9 R k - l.H tr&bU A~io&) 

c * JkRT -J(l^) (- 


zeft 

- ms &($ 4 

(JO <*-+ ? CO°/t k. = (.3C-S 


I— ? roV^ I 


c -- =1382 W5* 


(<^) 4r o-t S^o^R =t> Fora, monoityo U ~ s /3 . 7kas 

C. * f( s h ) |M.i |" 5 lost ft's-— 
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PRO&t&M 9.<0fc 

KMOUJM ■ A i o'f //ghf «im^ is St^kfe-dj and. 3 seconds !&-fe,r- thunder 

is heard. 

P/A/D l Eshwaiz. how -far away -Hie shrtlue ums. 

E^ 0 uj£E/efAJ 6 MOD£L : C l ) The ctbrnotphe 'Oc aVv i* 4+ 2-0°C - ^3K. C 2-) Ttie. 
ideal ga-s fn (?<&./ is ccpplicabtet 

/WALV5(5 '. TaWe A-20, lc > /,4- WrH\ Eg. 7.3 7 


= 343 to(s 

&fi*ud4iw^ -tke ^UshaMce. d 

d =■ <L-t = @W3 *lM(3 S) = /£>2.<? Ky, = 0.67 


e5+i»vwf<4 

^.’sfanc-e 
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PRO0L6M 9./0-7 


Eim- 


SieAni «f (l given state . 

€shmode, -the SOn ic V&loolty using -from Table A-4 

using -the. td<&>J gas model, donipaya . 

Beginning tui'TLi E^. <1.3{pi> 



and 


inhere. tke jw.rfia,\ derivative i£ estimated by using Uif{e.re,tfces it\ 
tabular dado-. At r = 3(p© 9 C^ f>-b<obar : -tr=- o .0^33/ mV^ 

S = 6>.3 782 tT/fcg K 


Jm ferpoU| ( ^o| i'rt audja^euA -fable Go 1 urn k 6 at +ta same, eitarop-^. 


7" 

•C 


in 3 /kg 


u h s 

kJ/kg kJ/kg kj/kg ■ K 


P = 40 bar = 4,0 MPa 
(T stt = 250.4°C) 


Sat. 

280 

0.04978 

0.05546 

2602.3 

2680.0 

2801.4 

2901.8 

60701 

6.2568 

320 

P-061991 

2767.4 

3015.4 

6.4553 

360 

0.06788 

2845.7 

3117,2 

6.6215 

p = 80 bar - 8.0 MPa 
<1*,, = 295.06°C) 


SaL 

0.02352 

2569.8 

2758.0 

5.7432 

320 

0.02682 

2662,7 

2877.2 

5.9489 

360 

0.03089 

2772.7 

3019.8 

6.1819 

6.3634 

400 

0.03432 1 

2863.8 , 

3138.3 

440 

0,03742; 

2946.7 

3246.1 

6.5190 


Lliihq these vcdu^s 


-> 5 - i>.T7&2. ', V - 0.05^45 yv,Vtg 


* 5 = fc-3'7 82 ; = o.D3^fc| 


d - 


, , %v 3 C80-H0)twr 

10*14/^11 

[ Idj ■ M f S ^ j 

1 *3 (.oMbl-*OS<WS^ 

l 1oar f 

I JO i 


= 5W.(p ”\{s + __ d 

Os ihg the tu.ncti'an tar irl^.0 xu. Ta(ale A-7. \ : Gp = 2>o$5 Lt/Ioj.k 

~ t*R/Qc-i) j — f. j 2^3, tAu-s^ &ssu.rvnK^ -H\a tclecoL 

C - «T 7^1^33)1 I0»"| -felW.5 ^ 

The. id<.ta gas mode-1 <i^-p.a>r5 ta sojni j f!c-a,wtLy o 0‘Mr-esfiMArvfe 4ta sovu't 
ve.loa.fy <Gt ■fUeqiv«M state. 
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PEO&to'M e t. log 


I cjjqujk> : Carbov\ cUoxide af I boy <tuci giva-n ve-lec^cf^. 

P(o-(- -fka fAcuzL v\.uw\l>«ir- VdYSus ra-ktft. /Apm/im -ffOTW 25o 

+o loooK- 1 J J 

gKj&iK)Efir < nM&- . ,. . . . * * 

fvtoDKi -. T*£ oxvtoon d.«ox*d«. modeled as «.ia \dted ,as c<ua. 

be verified reo^UUj. ^ 

AjsIM-VSiS- '• Cfx(c^t-/a.A(tn- t. -ft*" T ^z5o Jc . F.- 0 m fg. ^.31 

C = fktfT 

From TaJote 4' Zo t cU T-Z5ok j l< = I.3l4. fLus 

3.. t 

2^.1 W>| s 


■/Hi 


31+ k^T 


f2Sofc) 


] Lf)-ivi|s z 

I jO 


I0 3 W-|V» 


l kX 


\++.oi kg.Kj 

KTotOj wcUv \T- +t>0 w|& 

M - V"/c - J-647 

T^e d&tek. -fer 4t«e required! plo+- art ©foWiUi^A usti^g IT, as -fcfloias : 


/T Code 

T = 250 // K 
V = 450 // m/s 


fT Results for T = 250 K 


cp = qp_T("CQ2\ T) 
cv ^ cv_T{"C02", T) 
k = Cp / Cv 
R = 8.314 / 44 01 
c = sqrt (k * R * T * 1000) 
M = V/ c 


c p = 0.7944 kJ/kg K 
c.,= 0.6054 kJ/kg K 
k = 1.312 
C = 248.9 m/s 
M = 1.845 


FloT : 

Mach number of carbon dioxide at 460 m/s 



T(K) 

Note 4 UM */t»e ionic v/eloal^ recreates ui'tUi te-yufera.Utm ■ This, 4U MacU. 
HUiubtr' <*£ expecteJ. 
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?Zo8>(£M 9.109 

KfiXHXXti ■ /4h id e&f -CfocaS^foiaJu^Ua duct. T-f-Kx pa^'tcatari ocA-j^^^ _ -p 

fl*t<AV~aiT2, Icvwwvi, 1 

W4W ‘ ? ««s «+ ^cffw «*** 

/ ^ / , / L± ~T 

En<gmEeftiMG- MgDEt- ; 

^cis <s.s a,n taieoyl gem 

as Com be verified. 1 



To 


'T 


^JAQ/siS : 

Co) Air 3 f> = loo Mi** T = 310°^ -77o°e 

lT:Moo«f S _ 

Fror>! Table A-ZOe. af- i i77o'y? ; k ij.sq^S. Tfce. sonk welocVkj is 

C =JkKT Jo- )C77o^\ I «/L l I - 1357.4 -H/.5 
J ^ W.37 /t- °F A ; I I lU I 

^ -M - 'T/'c = ^ Ga /(3 57.4 ~ 1.03 f Csuper sonic ) 

Usi (Vt>m Table A - Z.2-E 


Co)J± 


-from Table A'Z. 2 -E _ / ... n 

= U+^T /*. = 184.51-hC^^ fijjgi.i 




p o = Pf ^$) *<!«>•> (3^^) -- I^fo. o IkffiK* 


3 Z.Z3.fc^ ©Hi/lb T e = <?23.3 °R.^ 


—- 

II- ‘Stu. J 


5*fh7S -W-iU 


\ °P M 

C<M To 

- 

U; Po 


CK> HeWm; p> - 2.0 Vbff«UT- 52o°/2, V” = 9oo f+/s 

For wvoi^i o.4oyvii c <ms t k”^/^“l-fcb7 r = 5 o - 5 / ^ ■ ibf \ 

^ J r *■ 2.L5-.OOS iu.oox 


C=]ilRT ^.nm ^K5Zo}m = 3?S |.c, ft =1W ^■W/l-’te 

-fA =. <300/32-81.4 cD.^n^T..*___ Cbj 74 


. 0 = CpCTo-T)-\T?^ 

T e * T + <Szo°eU -I * - 0 * **V- - 


I Ibf 


32.2 (bT+Zs 2 - 


-5 33°^*- 


£b)T e 


n- , w 


. ^ 
iiA r ^ 




Cc^ Nt'+ro^oi^ J So ll>f/ih% bO0°fi. J 5O0 C)/s =^> k = 1.337 

C -Jl-347 (-lgl|-)Cfcoo)|3Z3.j - izzro Ws jM - 5oo/,zz, = 0.4oto 1 

UmVo da.4* /Vom TabW A-Z3E j h D = lo + (Mel.w+O 

U =. 4(fc7A abij +. Soo I ^*fs*/'z.8.oi lb|l 1 Tlf II ( 6^u _ I „ p , , 

' 5 a vtzn hTi m mhe #-<k - 43077 6ta/lbm fJ 

fo^ft+fo*. o * 3 ®ct.V3 0 ct) -RS^f»/p) fez£<*pg .^l !g 

<^fo(p = [S-CTol-5-CTl] = ^±^±=J^2±). 0 ,„ 53 Po/p .. |, , lM 

—^P e = Sfc.ll Vbt/iU ^ c&)p 0 
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pRflfclEAA 9. II O 

* Air -f U>ws tu Jum.at <as 11/. Pvoblem 9 .i04-. 

T>efer**,Vte fLc Ma^U number, z>U.« ma-Kdk-/^ vvrav^^, <W sioanab**. 

^fe{iujK.ad"j'UA.iAl&i £*(,+■ ©"f 'fUc. etuef, ^* i¥RnA s ' t / 

trA)6(*J6ggtd6 a<odei : Sec 
Solu+iovi -fo Probi<?./o4. 

4-mAIA/ 



W, 


-fVcwi T«b^ A - ZO , ~TW 5ot\ < c. ve (oc'fU^ i c 

c ,777 ^41 'J*=!£| | = 4*, 

_rV “ A.^/C, , 50/444,., = 0.1.*.*_ 

"T^« S'V^n^i'Uyvv ev^Ualp^j is, 

Wo,- K+^= S 03 . 0 Z^" + (S£l^V|i)(_LM_II I U I j-y 

Po ' = t (-to) -U.U W . 

A4- gj^.k-t-, : 

C x‘Jc^I&)( ; ||J^( 440) ) 10 3 1 =4f^,Zwif s 


7bi 

777 


35t/<tW,z = 0.&4S*_ 

lio.-S04.i7 U/I 5 To^To^soi.ik^ 


H- 


tO 2_ 


ft 
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Pfto&GM 9. Ill 


XtJOuJK ) : \fja.ter VApor flows loifU known pmssurv, Hmp9rG.tu.rz, <* mc / 

i/e/oc:"ty. 

F/^D : A“6£j fa) fUe. shtrj naiiHs > ct) +be 

5 P<X(j nu hiot\ -h-Mpcrai-u.^. t ar\d Cc) sfa^af/in-t f res sure , 

SC ttBMMlC £ 6l L/£/vJ Data : T» boo^F, p = ^oo ib-f/,'^ y-a LGoo $+( x 


AMAlVSI^ - . 

CM* UIS SWlb 




lb 


[lOOD 1 -* 3 ^ 

1 Ilf 1 

[ / 6Ha 

l -z. / 

(ai.z ff-ib/sy 

77«fMbf 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


ffZo& 9.U2 

{4mou)M : Ccndfrion&Xvr sfeann-f'texXh'ncj af a p*/tf<cukir locn-f-C^v\ iu <*. 

■patSAjaway art ic*ou>y\.7Ue Sto^naHvi* pr-eaur* U lo<tovor\. 
EMD’- T>-e4&rm «we 4(^e Co rres fowling spectffc S-ft^wei+tcm e*v4t\a.lpM <*mA 


Scu^MATfc i Ci veto DArTA : 


© 



P 0 *TW 


p- 3 tww 
T= Z8I.*°C 
\T = fc&5.8 




r P 

To 


k 



: l^ & = U +. !£* Frorn TololeA-4; U = 3 o 3 l .5 fc^Mg 

"Tkw-o 


k =303 


■■* f' ( j 

= 3Zk8.*7 tc?/k+- 


/fcSS.s^Ys*-) 

1 kq<*iji z ' 

1 L-J 

f Z. i 

1 M 

i johv ^ 


Wi4U k " 3Z (o&.losvJl p 0 -7 bc^r" =^> T c -^f-CoK •-U 


T* 


t. e*r (»3 pnViKn^s ©f 4ke S'l'xfU edX4(ov\^ke \ja lure of Taw^U" voct^e 
gi'vtu iMConrcc+ly. The. values a^ T = ‘Z-&I.4 °c omJ, V^fo©8.8 * v ib 
Cotv«cf. We v\e<jfe+ 4Uwor. 
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Wjoujw * 


T^Mroplc -f-toiw o-f cua. icteal UmVW consWi sp«c'i4ic 
he*.+ radio. v r 


Fifoo; 

AMALYSl *> '• 


For iH. = 


D^vMop -tko. reWH'ov^. tVt* - 2/(k+0. 
Be^vtA. vo\Hn E^. ^.50 

T *• 1 + (tt)h*' 

, T= T*. Tkus 


CD 




To 

T* * 

ll - 

To 


1 + 

2~_ 

kU 


t< if -pollotAjS dtrecHy 'H\ai~ 



*<3- 


l 

7- 


p c V T ° J 



tVt„ 
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PROGlfrM ‘f.M 


KMOiO/J ■ -4 gas expands iseniropically through cl covwj&rginq nozzle from 

CL large, funk, at knooun pretture omA temp* rw-fixne .. 

F/M£> ~. Deiermih c the cr it tc.a. I pressure, p* and fke c&rc&spondihg 

-tempera in. re. T* if thecas is (a) a\r j tt) dioxide, 

a^-o( Cc^ojoA -c <" /(ipor . 
oCbfFAlATlt £ 6l i;£aj J2AJ& ' 


r 


£- 8 bar 

7^- SOOK > 

\r*o 


tank 



H* 


T 0 




gff&iweeAtMfi 

^?QDj£4,: 0) The control volume is ai steady siute., uu 'iU\ (Sty ~VJ 6¥ -C . 

(Z) The gas expands tscntropic&lLg . (5) The velocity m the tank, w negligible . 
iH) The gas ioltoias iUe. ideal gas fncctd. To avoid I'hercciiofLj ike specific. he.uj$, 
are tak&<A as emetantj 4valuat?c( at 4SO K. 

AKIAC\Sl$ - bdi+ly a$$U<mphoy\ C*i), “? -50 aacl *1.5/ a^pply. Evalua+ihg eacU 

one Tor Ti = i j respect ii/ely / gives 


fcf-j 


T* 

Pq - /kH 


V, 


U.-1 


p* f^) 

(&) From Table A -2 .q • at T - K j lc =■ (.3HI fair ). 
T x ‘Ofc.Z Jfc 


j>* - 4.232 ba.r 

(b) From Table. 4-2o; r-4S0Kj k® (.W} (CO t ) 
7“X = H4(*.k K 4 _ 


Zif* 


p* - 4.4?k kir 




l T 

Qc.) £V<a.(u.«f UsiMg ■f'Jie rfektfuTK. i*n Table A -Zf -for Jfi.0 ' l. c i'2,C>j^—■ 

AlS* , to ^ 

lc = -2- " (,31? 


TtuAi 


T* = H32.0 (c: 

f * a 4.3MH W 


j^pv 
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PRoQcetq <?. us 


kNDuik) : Carbon dioxide go.s discharges -f,rom<x large. fa.nL through a. 

Converging nozzle. The initial eondXtions m ~fhe.fanL <*n.ct 
-fine pressure of the surroundings are. Jonj>u>n- 

Ftt±D'. Estimate the pressure in the hx.nL tobew hhe floiA> ftrsf 
ceases tv be choked, 


5CHEMA7T<r. £ &M&D. DMA ■ 


T 



ft 

T 0 






P* 


5U6[f O Efc£,HOG- 5 

»-ot>bl: U ) Thefank. pressure changes sbuJlq t and the. control volume 
can be Considered, fa be at sfeadu state -for short Periods of time. 

(2.) Tke oepanston tav\ be considered uew4ropie e.+ anxj -f-( fae .£ 3 ) The. 
carbon dioxide ii modeled as an ideal qas u/i+U ctyrsfar-t specific 
be«.ts. ~ 


Ax/AtVSiS '. Under these O-isumptions, Be.t.Sf c*n be applied ujifU _H,=.| 
■fa See I f fhe fiou u U choked.. 




= I .60 


cohere L-I.zhh -from Table A~2o£ at T^7^0°/Z. Tor the ini-hial Conditions 
in fae ta*.lCj p* - S5,5<o Ib-f/ih 3 -. This \s Substantia l Lj greater fa iqk. 
fhe pressure, in the surrounduh <js, ft,» w.7 [It Iff 3 -. 

As the. Pressure it* -the Lxy\L drop fiie pressure 4W hozzle 
eictt <xUo <tre^s, Therefore j a. plautibte es-hivicote ef -five fanL 
pfessu.Ce. u)keu, the WOf^le Ceafas 4-o loe choked is obbuned 

P i = P f! « IH-l H /im*- 


-tvuSAA. 



ckolci* j 
ceases 


(iH.n)Che) ~ ZG.HL lUf/iV^ 


Tor' tonxfa. pressures louoer 4 Ws.ia 4lats v«A ujl ) 4rke. cxW pressure, 

will be lH.~f IWfi'M^ 0 m*1 the vioixle f-toi>o wHI Wot be choked. 
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fZ 06 >l€M 


S'taft.wx ex^ciwts IsewhropiafiLj fi\rouql\c, cenvev^Vig no2?fe brow\ <x 
I arty*. 4**1*. - Tlie ■f lcJoJ i5 cltokeJj c\_\\tk fUe. k-naii £Lolo r<x4e t a\+ 

a rc k-A own. 

FiMO ' ‘De/fe-v'yviirte- -fk£. Ko2"zte (^.Liaivi.fc'fei^ fd (eu:ixfu>v\i usL&rt. various ptyssioXS 
are- 5 feeir'&A ■ 

6<*H£M A-Tic. g £n/E»J P'VTA: 


T 



fv f*- 1 bar 
m =■ 2.1 <-%ls 


r 1 / fp - 1.23 bar 
To-- 230^c. 



5*4.1 


me, 


F.M6Hvl fc-g P-UOiS- , . .,,,,. , 

" Mobeu : 0 ) The ca*taw vo(uw\e 5(town j* ctr sfe&d!y dofe. u>tjU <? w - W c ^~o . 
Tk6 Ste/xn* expand fS£^+roplat[iy. (3j The ftoxde- is chokecf.Gf) rive. 
vdoed-y iV -Mne -fituU. “ negligible- , a*u^ pofevcfio/ effer^ (je /jnomt 

A-aJa 2>/S1^' . Fbr £AjCU CA-Se to W- ^ id^yeA , f^ =;j? b - (,§} bar auJ0 T, -7 0 -290 °C ., 

tku&, 4V*orv, fabJ-a A’t, ^ ( = S01.1 ,S kcr/J^ 4*J ^-s*- 7#fcl9 LtII^-k. 

fur+ka^y 4"Ue ext 4* v'e-toct'hy is found from 

ri-JzA,. A 


cX/ud. 


** = 


Vvi 02 
__ 




FaX t 

, J » r ^ 

J 7* 


Co 

O) 


fV~ fiS ~ bflr U x = 2^4,U trlLj, tz 1 MrtS? m 3 /k^ 


*■ *. . 

A S U^/sH f.(*\ss 

(a7*«<? v»/s) 


-rt\ 


k fcT 

i M J 


-2.TS.I3 ►n/i 


/{*H o.ok v a g) rW 1 - 1 

cm 2. 

J 

TC 

1 ^ 


0.0 I l<t£ 

"■ Cm < 4 - 


Az. 


l ba r UTflc^ 

v;-.Jm ( o wits ( A,,' O.Oo&toTU *** dt^Co-S’to 


(1.5 b<n) 


d-n- 


(l bar) 
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P20 6CBM 1.117 


( tiMtpioM ■ ga_s >viii;kxy-e 4tow.s isevUropicalUj «3i_ cartVeYHm^ nozzle, 

TUe inM" cciyndxf \ oy\$ } b*ck prcss-ui'e^ wdex if ur^A. eire 5pecPr i cA , 

PiN t>.- >e-fe<mi‘wt (M 4W e,xi+- Ituvipe.ra-ktiE (t>> fUe exit- velocity ) <nx^ C^> 

+Ue w^ss flow rcUe.. 

SCtfcMVnc & 6r(V*A3 "DA-Tft : 

^ ® 
f *r,= 5 UeuT 

t>t b = 700 « 



F^ = 11Mir 


A x “ 30 

-O.OO"*, m*. 


p 4 %- S k>&-r- 

T^To-TOO K 



{l- (.31 

Mol.wf. - 2-3 

r r ^ T ^, e tovnVot volixmt IS 0-f S-tca^tj sWc^uji+U Q^-h/^-O. 

(2^ T^i« €xpco^is JAew+ropitAtUj u>i43wb "PW itoiife, (S'! TU& vclod-hj cl\ 
■fite, iwle-p is Kegfij iblcj av^ pofev-fied effect's - ca^tA. b<? xor-t/T 

<4^ t! im ix.fa.fa b<sWa.vte£ flA\ Id& aJ ^Ct£ WJi'fU 0CmS^0U*jf" Spectfic b«?A:fc, 

AjoW 5\$. ; Fi/s+ 4 l+ is WcesSctrLf -ft. cte-krr*jk<2. i-P H«e i-vozzJe lx cWt(&5. 

£, = = '•«« 

TVus^ p* - K>/ j - 2.7X0 Irtxv". p 1 * 4> cUok<r<dt torXp\\irr& =^> p x = p* , 

CM t x -t*; Ui^ E^.q.so,^^ K,p| 


X - i + ~ I.ISS"^ T*= CDb.i 




(_b) SlIAerr. _M X -1 , 

11 

II 

r k 

r^= yci-mj 

tb. 3l4 kT >| 
v *2-3' Ipj-tC 1 

|( tobjfc 1 ) 

t W“T 


l U^- ai ^s 1 " 


- SlS.l fti|s 


v; 


CO -rV w\a<;s ftouj vciie U 
A a ^ P x 


^ - 




i^Ti 


c 2,130 bar-) £ 0.003 

(¥pXi 

* f,^ r t^u---- 


lO^Kjjw' 2 - 

l kT ] 

l kr | 



J>V\ 
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PROftieM ‘UlS 


' Am qas C-Kpct vyds i.£ eufropt calUi -fUrow»Vi <X Ctf'nv'ericjtMd 

ndT-lg -frotvi a taftt* Itf.v'lle.. The. CjAv’va.tfiAr'.s iVi-fH« 
pressure iVt fkc kioxlCfC^Yid. five aozz (e e-sif area, are Jcmowh- 

E 1 MP \ S-efermihe -Hoe iyiC-.cs f (oui raAe i-f -fUe g<xs ’15 CM uW, (b) 
carbem cAicxicte t OsaxA Cc- 1 <xrgo^\ . 

SCHEMATIC £ 6U/SKJ DATA- . 


-f 


P 0 * IZO Urfti'J- 
T, - boo °!L 


A 


Z 

1 


K'bo Itf/iU* 


—> 


(00 <ur, tsf.v / 

cc) ^ii^£f*1- - ’• 


> 

To 

u 

' Tl 


jvujDgu: CO T/je confroi Voluvyie is of Steady stA-fe. (z) Tke -fiotu 
/<, £s«wtojpi'c. (3J Tke 6efiaU?j ei an /Weac£ja,s wiffij Cenrufa^t specific, 
h eafi, 

miALUL 5Li'» Firsf, f + <■$ necessary fo dleferm iMe i-f Fke Ko2zie /s cUolced. 
UsiHl Si. 1.3 I UiifLx jM t = I . 

$.[>«**{{**-C%)*~ c*> 

(<0 For- atr 1* = f. H 

-/. 8^^3 = 5 > p ^- 63 . 3 ? 

Sjwce p t < P J, -fit* M022/« tJ ckolteaf, Tktu, 63.3*1 lUf/iV) 1 -. 

-for -Hte. /jen+roptc expansion. 

,. f , jdH 

rr = (&] (c 4> 11 -500 x 

rb V ^ » .i. o 

Usiwg -fke encrtjy j 0 = pf v [<k 0 -UO f<C^ ) f ^cfC’h\\ 

\Tr-(2H 0 -17) =y2cpC7o-T x ) 

= 1 (Z)CO.Z'f J (fc>OP - 5oo\ X 

1 j I 1 kf 

= lORfc.6 $[% 

AU of- 44cg tevvAU-ions ose. W-iaoiAn aA A^-C- ex 1A. Tlu^s 


177S4MU 


l 6H*. 


Wi - 


AAJ'L _ A-l^z, Px. 

^ i?Tt 

0 iuoA 

( 1?K? fpi r .Vseo-e) 
v.^851 ! 


= R.fcl Ufs^ 


VYI 


Continued on next slide 
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Problem 9-118 continued 


tM For CO- 2 _ } loifU k= i-Z(o C ^ = 0*2-107 


p 

■p - /. 8o8l => P* = 66.3 1 IfctfiV 

Again y f b < p* =o cUoUect ctmisU+io^s, oajJL y*. 5 p* - fob. 37 IW/iV- 

kd 

% ‘(kV ^ Ti.= S3|.0-ft 


fWus. 

CLA^A 


To \Fof 

V\ ^ JCZY^oTueT) (too- 531.0^1 32. 2 | |-776| - 669. 5 Ws 
Fin«Uu 

• _ nK8R5)(fcU-n _ . .. , 

7 7s ms \ / -;~ -3.096 U> S*- 

(Cl ForA r , U--I .<o<o 7 ( Cp * 0./29 3 «*/(*•"£) 

-B? =2.<?S3 » 58,95 Ifef/m*- 

P 

Tv\ 'V'Uis ca.se J p >p^ tohi&U wc<<mj 4k< norz-le ts m>+choked. ikus, 
-H<e €KiF plane ptv&sure u eqwM +o+U«- loack pressure. 

Tl'A* ii ,. rl ; , 

"p^" f> b - bo Hof/iiA 2 - 

OA\il Y-, / P, \ 

% = (£) ■*» T.-M5«».7*K. 

The -tKiA \/eloa4(j i~r 

- jjl)(0 12M3)( fc©O 5 9.7 )yB2. Z[ jl78j = 95/.S tf/j 

FmaiUj ,4U£. yw&ss 4U)u) rate U 

0K951,3)( bo - ) 


W* 


W\ - 


(959.1) 


= 3.295 l )>U. 


Yv\ 
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Ptforsc£M ‘i.lll 


i Air expands is«wtroyica.Uy rkroitob <x Cj^ywergma nozzle 
ctijcUarges "ft) -But <t+mosp^ , ere. The inlet cAvdST i'ct\.s ave 
specified MkJI +W etW ^lo^e. ar-ecv is g we»*\. 

E-INO 1 , Mefmiwe $4- muss flou> fule. Xs it possible -Id increase 

ttie Muss -ftoui in*t£, bij in areas mg -pke su^jpUj regitfv*. yiwsu/e? 

schematic. ^ (Vii/eM Mta ■. 



Pg ■*■ I Vjma" 


. ooi 5 vw 



EM6lNEEgm& . © 

MQpei :CM Tke control vokuwe is <*.+ sfexJUj sVafe , umHa. w tw =e>. 

(£1 The. avr expands ise\A,V»^icfcat).<;3^ flu. air behaves as cm «as. 

(4j Because. of ICa. Small «iressure oW-tcraUice. tW fe,*wpaYAAu ^-<2 r<u^« 
uhU be. \iw.V+«A. ltavefore.j assuage. k<»i.*+i$ censlaud . 

AM M.VSiS '.faNPirst ^ defer m me it +W wouxfe us choked , U^ikq &e. 1.51 uhHc 
H. -1 gives k/ k _, 3 

^ - 1-812-1 ?* = O.T3U kur 

Wot cwotep 


fbr -fkc. IsewAropU. ft*pa.vv.$\ ( r*v/ 

T ^= T » (^1^ -254.3 k 
fW exit veiotlKj is 3 uiivk. ^ a l.oou WTfkg«k 


k~- i b * r 


\T t *■ /X CpCT.-T*) 

/ 


=. /a. ( LOo4 ^ ,^Hx60-^5M.3)k lio^wl I IJcAMfs^J 

I Tut H IW I 

= 1ZT.-2. M[S 


IWvjls, -Vta. mats flow rate. U 

V« - C ; 00 ^ mM(rz~l^*|sM i boor) 

RT ' ' 


IO S *J|m Z 


l ksMT 


1 kT 


iO y iv-«u 


- 0.40MT kg(s^_ 


W\ 


(<0 


(b) Mc^tj Cornsicier 4 Ue. cA.se for uah^h. -0 =2 k«r.T 0 5 T. 0 ok <uJ-« » ife««r 
ujiXu 6^4.51 R 


B- 

p** 


( 4 ) 


h/h-l 


= l.Mzl =*> p* = I.OS-fcfc hour 

T^-cp* cAaobecA ceri<ii-frcYiS p^-p^= (.05Wlo#^' 


Continued on next slide 
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Problem 9-119 continued 


"TWs, T^-T* From .-so wi+U M-l 

^ a l f±/ s J.2. »> T* = 2.33.3 jK 
2 . 

TU< ex\+ vetoed*) is. 

\T X = JzCU>o4)(?*e>0~Z?$33 'i | tt) 3 I = 30fc.l vn/s 
j 4Vc vwxss ftou> rode. is 

(o. OOI 3 'If 3ofe>.l ) O) 


loa - 




lo 


3 


-O.SW kg/s 


YV\ 
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PjJOGCeM *1.120 


IgiJouJkj v Air SxpovjkjAs cscuA-cpica.\ly -HAn 3 u«jU (x Y^oxiie. -frovv\ ^.aouja 
CovJLlVi»a^ +c a, Jcaocoa ex'il- velocity, 

RmL * p<-tCfnmrtc W +ke €Y-\\ pressure, Oo) -fUc. r«-Ko o-f exit are a +o 
inlet area- , u) ujVie VWer -fVa woxzle is conve ra i*«*- d iv eca iu* or 
Convert^ owAy, 0 J 3 J 

SCHEMATIC A ftiveu T>AtA : 

Hu/fftmA 


•f; -- w'C'jfffmTjrr ^ 1500 Ms 

\T,~ 4 Sows 
5 E ErtlX. fr 


q?ll&A‘ A 

?t>O c R. 


r-2. 


fl 


f^CveL’. 0) t^e cohWI volume u at eUte, uj‘i+tc a cv * =o. 

cz.) TWe air u-Kcteraoes cnw. Iseulrcfic process. { 3} rta. air beUaves xs a*. 
MeeUy^- 

AnacVMS ; To {• 6'it 1 + sWc> dfcteyfwvne an, cne/gy balance, 

O - fidlv -^Wtl + vi* [(li,-U A +/V* ~ j c 


_ *q. / qfto*-iSoo'Ml*M < Ibt- J J 2T^ I 

= iSLSO p^-2.H2G>5‘ / T t =-foVS.4 °I2 

^ ?L - T , (£) =(^,)(^),|UoM._ 


0>1 "From tiw- vnass WlaMce^ A^JT t Apr ^ rt/ p ; 

— - ^2L^_£Z: ^ Ai . VI ^ Ti _ o i'-j-j 

P-T P-T^. ^ " V^_ p^* =f -0,577 ■+- 


Mflt 


(c-i To oUWiwme +W woxUe lu^e^ calculate tW fnUt omA exVt- tWU. 
numbers. , „ , . 

( H20 U-fi) 


H ( - 


Ti 


1 JWrt, 




VAk+t 


iWfr- s' 1 


- ( Sab^o^ C ) 

- 1,2. Up (.S»^ r *o«wc^ 


M x .. . j [S0 °) 

x '/<w)(g£)(«vO|w.*| 

itau, a egrweygn*^- d.j'jer^in^ wo ex la it weejud. 

V 


rJoxxlf 

+4P«- 
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P^dSLGM 9,111 


' KNOitJM : Airexpan4$ itally fUrou^h <K. coviUtf^^’-dw&r^tt^ ^vzzle 

frorn 1k-*tou> iw!e+ axvtiiioHZ Id a spccffie^ b^VaxU ku-mffirtrf 4-W exH - , 
FrMT> : D^r^nmt £cO -tUe s4-<MttuKou press uY-e avJ( |--<tvvtfLemft^r* > C t) 

jJ. _, J_ H /-Si # . . I /ii\ 11^ a. ' I A ^ 


-B\VCW,+ <M£<K j &w.c( £C^ "Hre €ftl| 0,r€4. , 


SC-UEMATlC <fe 6lV£*J bATA .* 
Eu6H066gjmS- IMQOgL I (1) Tk c 

CoVtkof Voiwm* \s Cfect<sUj 
Swe ubfk Qtv^Vcw^ 0 - 
Ct.) o,Vr uncle r^oes om 
iiCKlrop ic pro c£<s ■ C 3) TW 
<u r beeves CU aw 

3^4 loHk k=l.4. 


ku 




rmv vt 


a 



Cl\ 

ii -0.2 CZ) 

r,= sfls°e M=‘*5 
ft = *77-6 iWn 1 
Vn = f 



AUA-i-S^15v : (Aj Uimj dctlo. -from T^Ue^.2 -for -fUe isewfr*>p\c process , <2+_f-i,= o.z 


p, f Po • o.<mso =» % = o^nro * 60 M,v ' i 
* T o a sf|£s = b °°‘ l 


**r- 


(bO S i kce id,•* f cj^d. iH ! ; +Ue-fLou> is ^ort . : c ctf 4Ue 4W©«^\ Tluu 

Tj^zT* * T e (Te*S?*?3) «5«>*e _ 

= pA - = 42.2£ tkf6V 

... ., j _ /I t t i ^ . 


Tfuw 

CUt<^ 

Ffi^ctU 


s £I* 5 Q ggJfcgtKfoo^ O 


'V'lk = P* 


C42.-2t Uf/iVM 


Iff* 

144 iCA* 


= 4*352 44^/t 






^ „ W\4T4 U 

A-kt. - \r 
V 4U 


(l 1^0(4.382 

C L04M 4f/ sj 


a tc4fr,4 4f/s 


144 \*% 


iU 4 






From ‘TeM'e.Q-'ZjaJtJ^.^z t,5 j Az.( A* = l.llfcZ, "[Wfl 


A^=Q.nbZH0-S7^ =£U77 


•m" 2 ' -«J- 
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peoece^l ^.122 


KMouJa) ; Atr uufU U = i.H ftoios i-J-eMropitalltj ffwDiwjU c* <4.if4u$«r. 

FtNfr-• Plof vc loc’ifi^ , |A«\cU v\uw\b<r ( os^jk <3vfe«H r«.Ai*6 A/A* 'for* 

toox+cov\s m -Hie fiopo Gorcetpoftd i 4c <x. rovuye of pr<riiu.r<s 5 . 

SCHeM/VTl6 j C4U£fJ DATA '. 


T 


avo 


r°Jo 


Yl i It. 


y-X 


■ 7 * 


^ ? - 
K— 


1/ * 

f^-T, 


p 4 -4>s>«,rS " 

T. *Z^oK 

\T k - Six vvi Is 

^ 61 ^mode/* :^J) Js^id-broplc f louo . (2) Tdea.1 yos mod.e.1 u>i+l*\ 

AtJM>iSlS ‘. Tke fcUa^i M^ ex (press. fo\> are us ed 4© Gx^uJafe {Ufi- 
ci/au-HE'eS : 


1. d - fkPT 

2. >4 V/c 

3. fs/p = [ 1 + M l j 

4 . T 0 / T = Lr»/fl"" /k - 




(%•?* ?0> 

(^.4.5?-) 

first, u,se gweAA vaU>e< °f T,, p i; v; to cpdr c, ,jH., ( ^To. 
te^At“ A/A* <W-\T 

TUe. data 'for' ■ike. x-ej^xMi plots are oloW^eil taiuj it, *s follows: 


5. a./A* a 4-.- f (t^,)(H~ 

~ -to L 1 fc+i / 1 * r "Z- _1 


IT Code 

pi = 4 // bar 
T1 = 290 // K 
VI =512 //m/s 
k = 1.4 

R bar = 8.314 // kJ/kmol-K 
MW = 28.97 // kg/kmot 

cl = sqrt(k * (Rbar / MW) * T1 * 1000) 

Ml = VI / cl 

po / pi = {1 + «k -1) / 2) * Ml A 2) A (k / (k -1)) 

To/TI = (po / p1) A ((k -1) / k) 

p= 10 

c = $qrt(k • (Rbar / MW) * T * 1000) 

M = V/c 

Aratio = (1 / M) * ((2 / (k+1)) * ({1 ■+■ ((k -1) / 2) * M A 2) )) A ((k + 1) / (2 * (k -1))) 
po / p = (1 + ({k -1) / 2) * M A 2) A (K / (k -1)) 

To / T = (po / p1) A ((k -1) / k) 

Continued on next slide 


IT Results for p - 10 bar 

T 0 = 420.5 K 
p c = 14.6 bar 
I - 290 K 
c = 341.3 m/s 
V = 260 m/s 
M = 07616 
A/A" = 1.056 
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Problem 9-122 continued 

Puns: 





P (barf 


fdple -fkt dwiUmuwi ^IW ef ft (A* <y&uMA «- iAc&U nxcwt<w un-i 

<>S 
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PR0&L6M 4.JZ3 


l^AJotOiy) : A Con\/€rA(l\ct - d\\/eff}ti4q Vu^3-te ©jws-nxtes af- s-kscuJUi $V-+e_ 

UMh f'SCHTTtlpLC 'f Cduj c>f fl-MT. 

diAllL,' P-fifermiwe specified <^nctcfr©tvs cct -Ike Htyzife eici-t* ^nA 
11a re*i\ 

SCti&MATL^ £ SatA : 

© *u =f <£> 

w. I _ 

P, - 6 Iwr 
r t = 4o©i< 

K =0,2 


f 

A^= 3 cm 1 - -A*- t tv* 3 
£Af<?i>jeFg>/Li^ Tke, aVr belvWes ai Me*!gai uuVtU 

^a/«,VSi& : Use fafete?. Z. 
fi **sf ; -f i ti ct fWe sWj ¥\<stt" S+tx+e, 

.H^O.Z =*> T,/t 0 - 0.^20fc **» r p = 4o3.2l< 

?, /f e a 0.^7 250 => fo = &,22t leitr 

14 fke vno^le ftoio \s cUoktd^ =■ 1, 

Tt = To(,%$ 33?) - 33fc,OK 

- ?*(• 5*2623) - 4.3^54. kar 

Fu,r4W, ^ = 0.32H rttVig 

^+k Knj/ltBTfc k 3^ 7 - , 4 H* 


Tl*u* ( fWa. vvka^.5 flew rate U 

m = - o.<m l^fs^___ j™_ 

fJ©LO^ Uji+Ln A a. /a ^ - 6 Oiv^- { 3 crvj2 n 2. ^ "there a re "Wuio O.S&S M T&k|e 'k 2. 


Su^ersonk 

Z20 => P x = (.0^3^) p o = 0.7t<? Ur^_ FV- 

T* = C. 508 13) T„ - 2oH.4 *C _ _ _Ik 

Sub on to 

ti^ 0.30-71 =*> = M3feoi) p 0 ~ 7."Jo kor ^_ft- 

T* = C^SirO T. " &$■<* ^ 
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PROBLEM ^124 

FA> = JU1 

uj\-VU = 0.™ 


0.5 MW cwwJL P^/p*-5\48 
P 4 =-? v - H.ZIH b*r *__ 


pr^ssuotL 
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P£06t£M <?. 125 


(See Pr&blem ^ ■ /23 £5 rofetai/s.} 


<3> 


'ox 



<9.2-4 313 =OH*-l-S74 


A*/a*«2 


(JsiVig 4-UU VaWc m TaVjle 9.3 gives Poy/pox ~ O.^OZHt . tUajls, 
uitH fa = 6- Z7 -k i - 7-HZ4 bar . 

tJouj } -for" Ai/A* = 2 ^ c^Kct subton ic. "plo uj a.C+e#" 4Ve slvoci*. } ■frop^TofcW 9.t 

P*/p*," 0.4 3t>oi =t> bar ^ 

jortf S5une 
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PfZD&L 6M 4.lZG> 

KJJOtQM A»'r Flows -l-huroucj h a. converging-diverging dlccF u> i-fU lotown 
CovuXihows <jd*'Hie oaacXov. loaoum e*Yi4 p^etsuv^- -4 normal 
ShocEc. sfctvuts aF cl loc^-Kew i n* +Ue Convorrjm^ sec-Kon. uiheifie. 
M x *|.5. 

Cmo : De^limme4Uc- fervv^oY^ftMre OM^ Ma.ch\ vvu.v'nl&er fvhFW ZxiF. 


SdrlF^AA-TlC 3. 61\/e^ frATIV : 

jK=Z 



7j= 445 °R. 3 

Cl) 


A4 k M.5 


fa* 


> y < 


J** 

F-- T 0 ~-To 


Oy-lOij 


C*> 

130 lUfll^ 

EMfeiMfeE&UUgr MfifcfiL : (1 1 The -Plow is 

i sewW’CJpic every where excepf in 4he 
ivnm-edJi ale viciM >Uj d-4Ue sUodh.Ou The. 

<jir tieh&i/es <^s. aw. \Aeai gaA wf4U le.-l*4. 

/AmAW^is i First, dk+ewnin£ fUe ixp&tream kvdnVn covullFibvis usmjJlqM, 
tVortl To 


2-fc 


fable <?-2. Af i4, = 2 

0 * 12 . 18 © 3 Pox ” ©,iz78o 
T,/t ox -- O.SsSsbJ T„„« » 8oi °ft 


■= "2-03.-^4 I hf/iM* 


^oaj,4Vt>m TaWe^'3 aFM-x^US ^ p oy /ft,* = 032.418 Ft^®- 189.1 S tN£ 


U'rPU T-o~ 1^0 , We 

P*. 1*30 


P6 M 


Ift4.l3 


a 0.14302. 


XwierpoW+m^ ikT^kU at P/p 0 = on^o'Z 

M = o,SS4"7^_ 


M- 


£ma -<$l T* /-r = 0-°i ? S 83 =F> =~i44.G)^ 
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PRo^teM ^.121 


• Air uw^erngoes a. norml shock . CowdH- j^ks u« sfrecan are. 
known. r 

rtMb ' . T)«4eymiM«. (n) P 3 ,(bJ p ov , (cj 7 ox j -tf*. ck<u^«. iv 

specific ev\Vopvj across IVjj. shock t s^-s^ . J 

SChSfAA-HC 4 feweu i>ArTA i 


6 iJ6 1k) 6E/2lM6 - 

MopgL; -fUjL aiA - is an. uieal gy-S unWx 6u*Miwxd6>p6 c 'Acc Uc/xl Ywh'Ojk.si. 1 !. 
CM UmVj TaI oVe^.3, a.+ H y -1.8j 

fyfp x = 3.(ol33 =£> -Q3.t>l33)CsWO 

— |. 60 ( 0(3 Jd~v _ 

Q=>) U^vn^ToVW. i, 3 , aA 1A. X - us • 

tx/p®* a O.P40S- ^ p 0 y= ^ansos -^-813 W ^- P°* 

&) Also from TaW< 2, T^ox = .&><&> 80 ^> T ox ^ K 

(d) To odca.kde. Sij-Sjj , 

5y-S K - Cp -in. C ^/TV) “ C^Vl/p x ^ 

iW^ \n?-Kos coaa \oe meai. direc-H^ -frcrvin TaWe 

3 i _s ic - l-oo* 83W iU^(3.(p \2>'i'\ 

^0.05^35 U/k-j-K.^_ As 



TVi^ dais, -&r- 'flie rc^cck/ed plofs ^re ©Watue^ wm^ 


IT, <xs -£o tlowi '. 


IT Code 

px - 0.5 // bar 
Tx = 280 H K 
Mx= 1.8 
k = 1.4 

My A 2 = (Mx A 2+(2/ (k-1 ))}/{{(2 *k)/(k-1)) *Mx A 2-1) 
py / px = (1 +k*Mx A 2)/(1+k*My A 2) 

Ty / Tx = (1 +({k-1)/2)*Mx A 2)/{1 +((k-1)/2)*My A 2) 
pox / px = (1 +{(k-1)/2)*Mx A 2) A (k/(k*1)) 

Tox / Tx = (pox / px) A ((k-1)/k) 

dels = 1.004 * InCTy/Tx) - (8.314 / 28.97) * ln(py/px) 


IT Results for Mx = 1 8 

My = 0.6165 

Tox= 461.4 K 

Ty = 428.8 K 

pox = 2.873 bar 

py = 1.807 bar 

s, - s„ = 0.05933 kJ/kg-K 

Continued on next slide 
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Problem 9-127 continued 




M, 

Pi 

- PflK 


600 

550 

500 

z 

Z 450 

S> 

400 

350 

300 



1 1.1 1,2 1.3 14 1.5 

M, 


1.7 18 1.9 2 
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PRO0t£M <?,!2g 


Avr flows +krow>|K (SOWVeir^vAg- (dWCfjJ(H <j v^OZ-tle av-d 
dtsctvar<jes +0 VU. < '-f»vKOSpli«r«. T^e-flo«o'u isewVroplc »jLp 
4c Wa ^vclV j>l<v^.e ioW«. <x wootvvaI shock s4ix*d.*. 

D«Wmme Q.A) Vrhe sVajgwevViow. j>ririSu.re.,fo>t , 0>) 4W sVac^nAW^ 

Vs-W-peYa-Kwr-e ,T 0 ^ <Xv\dl tc\-Hu. y\0TZ.1« e*t-h are<x_. 

t>£4&KM\C $ 6*\)eM DMA - T 


ElNb’ 



eM&ujge-gi m&- 


v^^on »b/t 


Ww 1 


■'fo> 




9* 


kooc.u tOTWe air behaves as a.v\ \de*.l qA.&,U)iUv aywsVtu** U-= L4. 
(2.} The flouo v*»p Vo tV* shock. vs 'itevA.4ropCc . 

AtO Cal U^iV^ TaWe. <4. 3, aV K*-1.0 ^ 

P ^(p x - H.sooo =<> } x - 3^tr? lVf(iw x . 

a*ul j Vtova tMA^. 4 2 ^ 


1 X 

p*\p, 


-0-IZT8O p ox = 2 5 . 5fe l i| 


Pox 


(M Sv^Warkj , I,fc6l5 ^=v>Tx ~ 3ZO °K. 


AoJl 


T x /T 0x - .555 St, ~*>T ok - 


T.x 


TW velocity aV x is 
v ; * M-x'lTk RT * 


- I (gjjj-fe!g-l cw % ** 


Tk^S 


vh KTx _ Cl IblO 
'G Px 


= n««f ff/s 

iS4S fcLlkl 
zs.n \b n e 


£.3 20°gO 


(ns4 Ws^(3.m 


~ 2.08 
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kfJOuJfr . “Set %\Z8 

f~tKJ& . DcVC'V'rft ‘H-fl- ^WfO^t &XQI*- tta- CwArop^J Proc^u.ctft per - 

(a-M: or ctlr ■ftowjtAj. ' ~ 

hJMS\S '. TFrotA TAbU <1* "2- ; A x /*<* = U675 = MSS’ ii£.*__ 

the. ^rocWeJl £< 

^"/vv\ ” ^x ~ Cf ^-^(tx) '"P* l P*) 

= (°-^° ^.WCi.beis^ -{^ -gfe) sooo) 

= 0.022S BVu/ _ 


■^Arcxnt 

aria, 
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PE0&C5M 9-130 


Air -flotos -Hirowjk a covu/eir>rwj di/V&fqmq viozzW. A w,ortwo.( 
shocU. 3+aw^i m ^iVem^ sectou^d -tfrU-f&iu U 
i £.c*UropCt el sew f\£t^. 


FIM& 


mI^TT 4 - Ca> T r? * cl< ” ?•« ■ ( - c) f« .w Pa ,«=> *,, t. 

Also; aetori*\ue. VW "**« ft« w rate awd. tfLi. «v\t qV\m«. 
SC-it-BMMlc, 4 MV€K/ DMA : 

- -y 


*3' 

area. 




p t « 3.4 bar 
T % ~ 530k. 
M i~' 0.4 



?- 2 .~ 2.4 kwr 


' 1,8 

kM.4 j Cp — l,0o4 bT/^.v^ 

EMam&&reiM&- 

Kooei. -. Tbe aw tx-Uayes at an ideal 
gat uA+V. cpwsbuA.'V ^pec^ic heais (It- LH). 

AM^Y5l$ ‘. Usa Titles 9.X aw4 4.3. 

(<M ^ v = o,4 »t> t, / Tfix * o .4b8<l<i =0> T„ x ^ S47.o^_ 

Cbl fi/Po* =• 0.&4 SfeX =*> a 3.14 


PoX 


f 


ro'd 


^ox 


7o* 




(c) a+ M. K -1^8 ^ ^(/Rjx * 0 iH 4 o 4 ^ p k “ 0*C>tOT Uxv" ^_ 

l.d'i M. x = 1.6 i Pij/pV 5 - 3.(M^3 4> = 2 .3 £>l \ou,-r ^ _ 

ce) /l^o.tPifcSo 4> ?^ Po >0.11354 i p, ^3.0S4> W«_ 
Cf) Toy =Tox - 541.0 _ j _ 


P« 


To, 


Too 


To dle-t-er r«\ me 4W mats tWo 'ra^) We. first- de'Wmfue -pb*. oe>idi-frcM.s of-II ul 
3 u>tuA£ 'fiui ^t/uj5u ii k-n^wjn * TW+ is 

T* = to. 8333 3~) C 547.0 fcQ = 455.&K _ 

%r c* =jklr* -- ~)(«ss.sfc) | ,J ^ 4 -| = 427.9 -/s 


"tWo 


P — CO, 52-02.8') £ 3.14b bar') — 2.005 bar - 


YV\ - 


RT 1 * 


k r 


' 4 vh(421.4 Ms) 

10 S M/m 1 ! 

[ l ld4 

^(4SS.S k: 1 ) 

1 I 

10 3 N-*A 


0.496 !f? 

VI* 


WouJ <towv\S+ream of fW sUocC-, Pom - ?.D8<»Wr. -fUn, « /-, ~ fi ■ 

Also, T./T.y -0S30..A *T„= Sc*., K . W o.o ^ 

^ = <0.(.'')/ci.^(iJ^ 1 ')(3<«.,’l| io*l = 2-’S.<) m/s. 


1117 => W,= 0.M 


pAalUj 

Vv 


P,M1 


(l£UV*SS.8'> 

10 3 

(21S.9) 

lo 5 


4.84X/0 *mV 


A: 
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PR06L3M 9.131 


kHOtOM; Air enters a ccmveingu/g-clwerjSjii'V} channel cA a. supersonic 

M<xck vuAimber, A normal ^hodc. stcuodls o3c -Me. inlef i o^A dfoum- 
SlreA rv\ ©f--Hie Skoclc j "Me f Iouj U fsewfropic. 7ke mac* r toui 

rate, omc! c5r\dHtar\s a+fta e*it are Itnoum. 


FikID ■ Ttetermthe +he ml-et -VUrooA- areas . 
frygMMir. & c;u/ba) data: t 




Pi = P ^ =7 -° [ ^ h '^ 
T t =T^ 100^ 

Vvi a 4 S' U»l S 



4 




EKkSlMfc&ftl UCr VJI-C ^ _g 

>a ope l : (i> The control volume is at-steouiui state ,12) Downstream of 
-Me, no^vnel Skodc^Ake-tteuj tl Ueutropic.(3) T&Wfiat evievgy eftecte awJ. 

9'Ue. 6xlf kiineKc energy caaa be v\e*le.cW C*+) TVe avr V^tetues &s ccw. Tdeal 

QoS uA+U k-l.H. 

/MAP/,Si6 ‘. USin«\ clcdci. fronn Jcb te^.,3; J-L - O'hkfcMH . ikus, ia4crpola+*>^ 

in “Table < 1 . %’ f J cAr H. - O.W* 24 H y 


ly/TpLj — 0*9 iM 1 

fy/Pojr 0n40Qr5 

Ay/A* - 

mil T 00J * ioo-k : = <0<a,<t <wA wUu Foy-2.0 p*j* IW.2H iWi*^ 

lo Auct. V"^ 

I I flSWS I 

JWT^ = (ftOWMf) J O-'O £**} 7^1^.1^1 32.2 l Ks z | 

-230.1 U(s 


Ako, 


TU» 


^ _ ^L) _ (‘Sn ttt&V jgj 
13" ty (_ m.»n nft'o 


itt 2 - 


1*^4 iw l 


=■ /(*0S?W/l 


V 


mv 4 (_WS lW$)(fe»SM»»/ll) 


Av^A j 


s 


( 830.7 ^Is) 


^0.«fe42 


Ai 




a* 
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Padbl£M 4,132 


fi»D - (A) E^. < 1 * 5 $; (a) €<j* 9 - 5 &j CC) £ ? . T 57 

STfJEHATtC I>ATM: 



^ V V\ 


\ V\ 


£/0 6 ^ 

t>^^ , v 0 ) TKc to a Voluwt 4 o ix h i* *\ -f i^c <x< co v*-p a vi ^ f +h,jj ^3 la.^c_ **$ 

<x. -V t-1) p6uit' wjj »' a *w ftd e I * d a J ^ ^ j 4 ^ ^ j 

cpV-V^ t p<tt|i'c keAr-l ma, h‘o k . CBJi A K = 

A N A^V 5 [S ' U) C©pi *«Ajr il £j&n 4 *rr*'h , <J*i 

O-f %.v\.tt*2y |'X f?r +$ S Cti *)■ 47 t*-*l++'CA^ tA#v iwf Aj ?■ 5 

WfeixJ’fT'rt'f SctJrtcl ^C#L O-fr r S ^ i* &*£ . *>-4-8 t^CM^Civ i^v 

b-c <=■* J E^-^”45‘ U *f 1^5 i deal JaJ rt(fth'**^f cah 

(!o i**. Ij, h ft( *-S ^b t (6 ur 1 1 

J* v t - /r v j 

A. M r JkRTx * ic M n JKK‘Ty 

RT« ^Ty 

Pj_H£ . P y M r 

n=2 


m,(i+ W) ,<1 M y (i + S! */V 


iTT r 


(0 


t + K M* 1 - 


IT t Ml 


Ofv*. Jotv>^i0v\ +r? , t’ Lt -i ^ ^ cck^ r^o«drt" ■fo *■'**■*» C_ U-#v-s^* Yi* 

prOjO^rfY-CJ wl <X / 0^ »- C_4 )«ia fr ol t>i i‘4u A^^Ay* 

fi * v%p j h4ifffi Uitf 

i\ 


(. I + K ) 1 


Or i ojkj _ ;«c/ «o »- ^w»dr^. , h‘c. «^o».hV». *k 
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coefficiea* pcr^orw\«iv\c<., J 

‘5oyEM>V l\g. 6 &1V6M DA*m\ 




gMGtKjgEfflAjfr /VlODE. 1 ; See- J-XCU'Hple /O.i ; rfc-VhS t—^. 

A JVALV3l i. - - Fir-^V, Xixe^idA. ©4 principal states,. 

Ma+e_i Pr _ 10 ' b V tV . jT = 0 op 3 ^ W(= I02,q4 ewib, 6% 0f , 

• Softie ~ ?%- 190 'b-f/i'n 2 : , *^=5, =<> I'Sl.O'f &ki/ib 
^ak 3 fl>- 190 itfAV:,sa*. liquid U 3 = So,<^ ©wib 
< t TbooHli^g process ■=?> V» 4 s. U 5 s So.foH BIWlb 
^ T>ve fe*n$c™K*g eapa.ci4y it uueti to fcW. *V* v*as* f-low r^e. 

GU* “ VV'Clo-Viv,^ -x„ ^ 6UU 2 fon „ „, , . 

^ Tu U \* — 7 ~~r~ -r—— .3-00 b ^/ihml 

O.“"*0 ( tO^M-So^q 1 )^ l+ov| 

- So.sq lblh,;* 

tKc ^o r rvvpres5or' ^owe.r is 

"tT 1 (^ -«»<*<< i e £ 

'-^ te---w c 

(.b) For +Ke cirndevvscr 


Q.out s *» CU*-UA -(So.sqK t*3l.oq-So,<4* 2Msq .<{ 6Wvv ^ 


Cel “Pie Cocfftci^uf of performance is 

h.-k 

h»-b, 


Gout 


(i'-T^T 5 l.9(o 


i? 
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pnoeteM io. jo 


Kiuoto/J : 


EiMk- 


Re-trig emut ia. <* tke. worluis 
io»N. refr\^ «rd-ho-vs c^c 


8 fllU<i iVl 0.1A. IC^cil VOffOC - 
- . Operd+'Ag <Co*a. «,na Icholow. 


l)eWin^e(ft) fUe corvsfnwor fteuO&r, fb) flue. Y<?Aigeraff*3 
a^pfluctHf, omJL (c) flui coe-fficieuf ef poffarmovice. 


scU&matvc i CaWsm hA=nv \ 




gAJ&i^ee^ihJe- Mopa *. See Example. iQ.ijipe^s t~4. 

Aw/H-Vsis*. Firsf ; fiVeactt of fke principal ftkxfes. 

SiQ-fe I T, s--MO °C > s*.+.vtifor h, - 2-J3.27 ,s t =. l-OOOS* 

.5fo>e -L q tar , s x »s, =C> 2.^7.?H ut/L^ 

Shite 3 h f (3^°c) = SH.fM kT/kg 

Shaj-g. 4 Thre+f ljprocrts =fc> -W 3 = krll^ 


C<X) From To We A “7, v; = (WS2, vW»/lig. Tke w\^ss flow r oJul U 

' - (/W) I _ IS" Wl 3 /MUA 


YYi 


— 13.10 (hxwv 


^ o.^sxw* 3 /^ 

The Co nv preS^O i& 

'Sc-acvix-m =( i5 ' ,o ^)tetk M, - s,< -^ A ') t^liw 

— (pto, (z* WW^_ 

Cb) TUc refn.gero.hlsg c^pacl-ty u 


vj, 


<3i-*«vM «•"«)If Icrfe 

— SI.Col -ttarvE,^_ 


a; 


IS 


Col The. coeft-iiie^ of per-torrvumce is 

-».is 


?** C-V|, 


•a*- 
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PR.06LEM 10. I I 


Art id-ea! Ya^por- GorrvpresSt»v\ fefv\<ieca.'Kov's CMtteuAes la 

0.$ t^V€. W0rk.w\^ ^-Uu.c(. Opcrct'hKg eic- 4 ““ — *-*- 




la+tx. rt.re Icrvown. 

T>«tenvWca) +Uco€ffici«^(r ©f p«r4brotawc< a.kA(b) +U> 
refri<jer<vWv\g capcuiCfy. 1 


Sq-feMA-TlC £ GrWBtJ t>ATR : 

T 

3 




_(=KI6tK)gE^>MG- MOPgL -, see £xa.v*pte i£>.u 

AiVALVSi s '. Fi’rsfj *fty eacU of Hul pK/Vicipaf states. 

5 -l a * e 1 T,= -Zo°c jsat-vapor =S> k,-Wi.7<j fcr s.c,tw 

State 2. p^_ - 11 bar , s t ^s, •=> 1^=1669.5 tT/bj 

^tate, B_ p^ - U bay J Saf. liquid U 3 — 32T-01 kT/bj 
State ^ Tbro-tUu^ pc0t£9S =t>- Vi 4 ~ U 5 = 3Z-J.OI k3*(kj 

C<M Tk«. coeWtcienE of pe^4orM<^iA.ce ia 

a = b=£± - '•a?-* -= * 0IS 

\ Uv-^‘ I4>81.5 - Wn.n 

(M iMe. refft^crA/Krt^ CAp^clty us 

^ (h,-ks) 

— I 5 .Si ^oy ,$^_ 


£ 


l foiA 

^ VwVVlA 


a; 
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p/ioecew {o.ii 


KMoui>j : A n ideal vapor- compression reprtyemhot* ay ole u-res refrigerant 
13*40. *■% iUz ujorltiaf) -fluid ■ Opcrahnj •dnfa. are Umq\s>*\. 


FIND '. 


Plof-lUe coefficient of performance <kucI -fi** refriatrafrintf 
cupacif y 'for a range, of cendens^re /if -h Kfu.ra.Mnrs. J 


KMMMLc (gjV&J Pato 



EM6( M£££j KJO- Modul i See. E'Ktxmple to j j i fen^s |-*4, 



AAi/UVsfS - for a. -jfiAvipl-e c*.(oi>i(afio>\ ; ems usfe r*tnie 3 fo be salurafed 
liGutci. Fixity eaclt principal s fate.'. 

■5Me j : T, --io*F, sat. vapor **> h, a i 00 . 2 -<\ ©fWlb , -s,- » o.iz h 

Stale 2 : f t stfco llrf/m* «i=s, =C> li t = 12.0.H& 2 >kit lb 

Stale 3 '■ Sot-=t> li 3 = 47.frS £K*/fi> 

Stfrfe .4 '. JhrottUny procers =£> - H^.h 5 SIWlb 


71ie coefficient a( performance, is 






* 2.fr I 


The refrigerating capacity is 

<%in * *1 * ( fc ij*J(i00^9-47-feS) ^ 

- /.5S *fo*s 


_ ( 

Zoo ©HtiWiU 


The c*DlM -f'W p/oZ-s <3 ne 

JT Code 

T1 =-10 //«F 
p3 * 160 // lbf/in a 
mdot = 6 // Ib/min 
T3 = 109.5 f/°F 


ab-h.tueA uSmj IT as ‘Fallout's ; 
h3 = h PT("R134A , \ p3, T3) 
h4 = h3 

beta - (hi - h4) f (b2 - hi) 

Qdolin = mdot * (hi - h4) * (1 / 200) 


xl = 1 

pi = Psat_TC , R134A" 1 t T1) 
hi = hsat_Px(”R134A\ pi , xl) 
si = ssat_Px( n R134A*\ pi, xl) 
s2 = si 
p2 - p3 

h2 = h_Ps{ ,l R134A" 1 p2 r s2) 


IT Resulls for Tj = 109 5 Q F 

h-i = 100,3 Btu/lb 
h 2 = 120.5 Btu/lb 
h 3 = 47,63 Btu/lb 
h 4 = 47.63 Btu/lb 
p = 2.608 
Q. = 1,58 tons 

in 


Continued on next slide 
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Problem 10-12 continued 


FUtS: 2 

1.5 

s. 1 

05 

0 

90 92 94 96 98 100 102 104 106 108 110 

Tj (*F> 



C 

o 



'"I 1 ! 1 1 1 I ‘ 1 

90 92 94 96 98 100 102 104 106 108 110 

T* (*F) 


45 Tj de.cf<A$es ( more poiR-f 4 mi iW T-$ dUa^YCLA.^ 

Moves h> left,1i* cr<a$t Vj -fta i'k £pec< t<cettlUR(pu 

across fine. CVa-^xaU-r. For c<msjtiM.+ Vv\t^s rc>4e 

co^po>tijfcLj tiAetfeases a.ccerdUAgU. 4-fso, sfwce -Hul 
cor^prt’SSor ^ovaJ^T is H*- CcefUctktcF cf verfarrvWJAce 
is ^recctar <*4 siAtocoawUj r* creases. ' 
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?R.o§LeM to,i3 


Tli€ daAa. -ft)if five re^u-ireJ plof-s a fe usiVuj IT, *5 folUaJs”. (See \Ue. 

Sofufvovv to frobleiw 10. m -for a savujtk calc^lcofujvv.) 


IT Code 

T1 = -20 // e C 
p3 = 12 //bar 
mdot = 3 II kg/mi n 

xl = 1 

pi = PsaLTC'Ammonia". T1) 
hi = hsat_Px{" Ammonia", pl,x1) 
si = ssal_Px(''Ammonia". pi, xl) 
s2 = si 
p2 = p3 

s2 = s_PT("Ammonia", p2, T2) 
h2 = h_PT("Ammonia", p2. T2) 
x3 = 0 

h3 = hsat_Px(’’Ammonia", p3, x3) 
h4 = h3 


PtOTS*. 



bela = (hi. h4)/(h2-h1) 

Qdotin = mdot * (hi - h4) * (1 / 211) // tons 


IT Results for T„^ r = -20 *C 

h, = 1418 kJ/kg 
h 2 = 1669 kJ/kg 
h 3 = 327 kJ/kg 
h< = 327 kJ/kg 
P = 4.019 

Q - 15.51 tons 
in 



Evapo rator tem p eratu re (*C) Evaporator tem pe rature (*C) 

^ tUii -H*e tovJ.feK$er'’ pfesSM-rc iS ctrrvskUif-. lUuSj TXrvva.Cia.5 

aA ev’apera.-Wr ^ a. ckav^es. SvVvce. W* decreases a.s 

€v , a^Udov' -fto i*\ syecC-tic-AtUi c^c/iosi -fk*. 

evck-pofoLW' d(X-feases T, goes cL&uorv. Accord*, wgh, fka ea.po.eVkj detraues, 

fU/rfkeA wore, fke co repress or ■pOtoer U dreatfe-r ao ~Kmi e\/iU>Ora.+or~ 

cfeiArn, v^Wick, c<mWdoiA.Wfo -fk£ dtrama-nc decrease 

t’w eoe-Pfteieixd' ^erforvv^wcc skoum <m tta. <g*Tj^k . 
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PR DSl£M /0.I4 


TUfi cieda fey" +U& re^ravV'e^ jplofs arta obkuwe^ u.smg fUc. it u>de. a vveiA. 
it* five soltd-iVw. 6>f- c Problem 10.13. in Cose, tke Variable 4o s^uee-p 
15 p 3 ^ -Hvc t^wdle^ser- pressure . 

PL0T5*. 6 

5 
4 

«. 3 
2 
1 
0 

8 9 10 11 12 13 14 15 16 

Condenser pressure (bar) 




T/> jIaji/VK 4Ue &\/#^or£<AeY'" ^ressuve urvts4A,v.;£ 

IvlleT &We 4-ixe^l ) +W 5ffeci4ic U/ 1,5 oms^tu^^r. As 

t£ tucroj^sCncA t s4*mX A cm 'tW. T-s cUa^**ev*A vnotfeA A$uz ri^k^ 
•W«^j decvewiiA* Ah (WMoss fWi evopera^cr. Wi+U ywus <Hou> rede 
-£-ixe4j •p^vc. cctpact+j ctecfe<i.se5 (fc-eCordUtH4Ui, /4 I&d -Ha£. coMpressor pouiec 
mcvcoses, r-ecuAt^ [k-P k^ dVamed-ic c&^reixse in coeXt'icieid' *£ 

^<*f£o<vr\aMoe • 
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10,15 

kIMflLiW : Be-fvi ^erxit 1 .^ U -Hit wcvkuy 'trlmid iVt <x v^or - Compress,lem scf-irig- 

eva4-t»> ccj ct^, Op^m^vn^ daA^, oy*- Icmuj*\ } <vwA -tUc re-h*iqofa.n,'t rt'W-ss 
-floioi/tvk. ^tve-4. 

PiND : T)g4*6vw i’ha ceO-Hi£ coMonsssOr" tlo^-fKg. refvi ^z-Y-adru^. 

duj. (Tc i-M<2 coeflPiciWfor per-fij^Knonce. * " 


sctteauvnn 4 GWfcC 3)ATA- i 

T 


ft 3 €> r 


2$ 

V 

€c*A' 

3 / & ba Aj' 

w 

i 

1 

t 

injuM 

/ * \ 

/ V \ 

/ V 2 bar\ 

i 

t 

if 

i: 

1 i 

«r i 

4 I* 



ConJcnscr 


X Exoan ii an ,„ j 

^ Compressor 

. bvflftwn of b 




i Ws \U 


2. bar- 

sai. \f(Loor 

EAf 6 N G* M 02> Si L, * Se& Eyctyvy&le / * /Vl5<o > *j *go% . c 0, fi 

M)ALV${£ : Firsf^ .fix eacU e-P -Tke pnVitt/aa/ sfrvtes . 

ofa-te l_ : f ( -2, bw-^ <scti. Vapor =£» h f = ZS(.3C } S t * c.92-5-3 U/J^-K 

S'ffl.k.2 « p x - & b<ir'^ S t4 a S ( Xw+d-rpo^A^nv^ it\ Tdloic- A'l'S. j b iS ~ &Z. J^" 

Us \ htj ‘H'-t COW\prdSJ«>v- *Pf-iei dv\cy 

V* ^ Kt= ci^zilf) = kT/^ 

- S-ffl-le- 3 » />= 0fc»r_, 5-vf-. ^> U 3 = 36.8 V kT//cj 

S4ate.4: T^yts'H-IiVj pnec^cs ^> U^<f It-T/Zcj 
CcCi "TUe Com pressor poujer 14 


W 


^^■(u.-u.^t, ^)c«7.o8-ms«)^ Itrfllfi^ 


l kW 


-*f. J7 kW<_ 


W< 


k.T | 1 -4-pyy 


(Jo) T^e. rc-fVi^&ocrf^Vv^ cutpAjout^j I-s 

®.v=*> ^ .-wi =■& ^% i »,rwu» = fc ■ 1 ■ 63 - tw > 5 -^ ,! 

(£> The coe4£tCieulr ©f pef-ferwawce. Is 


g-_ J 2 iA = 
K.-U 


= 5.7J. 
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PR0666M /O.lb 


KMOtAJNj : jV>e ideal cor^pf€^siov\ ref\r'i0eT-«L+iov\ cycle of Problem lo.'t 

is rnodificd +o laa.v«, d. Compressor effLci enoy of ?3 °/° 

*5nbcool«d W^ud exi-f-uxfj -flue, amdeuser. 

Fimd -. A as uocr- fUe. savwc yutsfums £is\ia Prob. to. 9 <xK«t deie/Mmc. 

(d) fWa exevgy d^stracKd* vaits m +Wj e. cwBApresSor - and. expanVi<ru . 



ANA-LVStS *. FiVsV j f\.r eucU. ©f H-t principal sWfes. 

Fr °<* H«-*o\u.W «>4 Prot. I<M j iv- lO^flS 6te e-fti.^1 cwU 

W-ls- 1^1^4 ftWIb. Us\wj Wjl con^o^storefftcieKCcj 

^ ^ - rju.*> BW/ib J s^-o.^t 6 !^^ 

--- ^ e 3 180 J ' r 3 = l00°F =^subcool«d l;^. •, U 3 »b|O®0 o F) =44.13 BW/lb 

. I fcl S 3 «5 lf <ioo*P) s o 1 08H?WWll»- fl lR 

5he±^ = bi= 4K.“Li ^ <n«s s 4 ^ cuocR 

(A) Tb.®- VA^sS flow ra.+c li 

vv, = J|'|>_ c , 8 ) _[2£o51«Mik|- 2.1 30 ly • 

"Ctoz.SH-^3) ^1 t I /,mi * 

avufi fU- compressor" poujey ia 

w t = v^CU^U.) <«.*> ^J^i| (i3u8o 

= 3J.1H bp ^ 


Wc 


(b) q ou ^. - f* (= isn.i. bh*y w>iu<. 


Q owt 


’“■■*-——- 

(d} For -Hv*. Compressor : o - + *« ( s,) +■ (p^ - 

\ 40>U^ ” T 0 <X “ T> 1 

s (sso 0 a)(^.3oik^(.z^{ IH 

Sim i Iftrlij, ^jr 4UAVaU« 

fo) VA u e * To <r VftW « = To VA c S H - s 3 ) M % ,10 Wa/mOu 


£ 


TLus 


h\<k( r^xw 



vaive 
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10 -IT 

KM ** - A rc-fri^er^+^w ZysH*^ tirtMaZ+e* 

*v\a.ex ^f©M^ rcu+fc. T>*,4^ * f -C 
^4 4 CGw-|if*$,£0*~ e-pfVu^e^ w spec*-feed. 


R 1*5 ^ tu f~K^ a 

/ O CA'/l'OMt 


£~ / M' 0 : X)-t 4-e rw« ft€. ( *■) fivnt c»e [-fr‘u fn f 0 £ p* r fd r n^+. m.c^ ^ C b ) "E^vc__ 
c*pfcc*Kj r CC) 4 ^ r'a.+*x. o-f do/4v ^ c +i'o^ 

L>UN +^c C^w^Ajtfo r d y Cd, J 4-Uj Ck ^^3 <J ^ rp<^ t<L -p/ouuT- 

Cj^erv^ #| -ft- pMfinj -fw ev'^fAjvr 

C&*de>A$*r - 


scaeuATK - c.n/£fcJ Pata- 



gufitio&fcftiofr M<gofeL t See £y«,n*f>(e 



AAJA-LVStS • FiVs+, fixeacU of -K*e- principal Shafts. 

5 Ue 1 T.s-iO-Cj f,«l.*W ^ h, = 2S3.H0 IcT/l^jS^.'lfoOf kT/U^-IC 

5>f<tfe z- For i^cn+ropic, oomp^esstoia ^ 5 .™*! falM ' ., s e' s ( ^ ^ 2.5 " z ’ 16,0fc ^ 
i^Ue cor>vpres5or ef4ic\en<uj , 

H - -K, I, = L * (iHszi^U = 24 5.13 kTtkg 

c k„- kT ^ V.. I Sx=J-0l*S kT/kg-K. 

Sf of g. 3 j>j=Tbar ; TeZW t> £ 4> Vi^si 62.^0 IcT/Wg j S 3 m * 3 J * 3 kT/kgK. 

^ 4 -af< 2 . H TkrofUlUg protect. U 3 * ^ 2.^0 WT/U^ , 5 ^ =• .35011 K 

(« l \ T^e toe-ftic'ievc-fc of p^fWmomcc- is 

- W,-Vw _ a 


K.-Vw 


=• 3.10 


Qi 


Is. 


(tl Tke refrltjem.fos.po.ctfy is 

&Cv\ - *v\ (VvVvA 

- 0 &!(«••«. - 8.4.1 ^ fcriSfcsl - * 5 ‘" tWi - 

(C\ For +k* GOr*f«5«<?r : O * WtCS.-SO 1- TbsrKp . tUs, ♦*•***• wr sy 

detWuc+\0A \4 ^ J 

CUlcM-f “ T# ffi 6V *p “ T» ^ C*,r9i> 

■(*» ^ ^[bS^-I 0 - 0 ' ^ 5 -.q fc oe) 

= 1.55 k*J--- 


-&) 


Of^p 


Continued on next slide 
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Problem 10-17 continued 


5 iwularly , fot' -Hve \roive- 

(5lW*< ~ T"© vv% » 

sQH*1K)(b) |fcS( ( .i?0l \--3113 ) - .5530 Ic-W.*- .(.Ea)**«- 

(4) fkfi. ekft-w^e. m Speci-t ic-f leuo energy -for ve-tv-v^era,^ yo£*'*vg 

■fhfougb -Hvc- evaporator - li 

» (.b,-U H ) -ToC s >' St A 

-(t'ilMO - 8z^o)-(^‘ 9 i'4)C^fcOfc-.‘5^©t v ) 

® * - ZH.tob kT/kg ^_ (Ui-tf$ 

for U\e. condenser 

(fyi-efz) =0»3“^0-To(s 3-H) =-5.7S klYkg*- 

i. AI+WouaVn +V\ere us beat 4na.ws4«^ VUo- retrlgem^ 

H\rouL*i^ VUi. evaporator^ +ke_ OpecCKc -Uouj eK«^/ decreases. 
iVu caaa. be. e.*p lauded bg wo-ti^g -fko-t tbA. Slate. *>r t*^- uoor1c,u*g f'w-»a 
yvuOvKS oloser - Vo Vk<L cke,cuXr state. o.s it - j& beatat (*- tcvH.pev'a.'Ktfe. 
loeUio T«» * 
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PftoeiEf'v io, 18 


kNJOuujJ : A vapor- compass to a refrig eca-Kovv. s^ste-m u-jesaw^id 
o.s fto. ujorltma fluA.4 . DaAx cere Icwoujn of various 
locaftowskiAxt Hi. heaf -hm.nsfer* rate. -froM Hf- tocxU-i^ 
flu.L<st passing HtrottgU the dovulewser £& specif t*ac(. 

FimD : Determine (aj fUe. Corwpress<9r power- (t>) He coeff icieict 

Of- performance. 

5C UgMATlC ^ C.WEIO SATA: l ^ 


SOfO&oSWh 


100°F 



7^ = 100°F' 


COA*»n&er 


I 


•i^n j Ti -_ 300 “f 


fO F 


vyf tiparmon 

W wah/i 


Evaporator 1 1 

3Q ^ 



! r,» (o°F 




g/g^/iuegigJiOry luopec ; Same as m £x«»^le ia3,ifci^S 1-4, except" 
coMprector efficiency J5 Kot specifie<£. 

AfJAiNsis ■. First,, fiv each of +Ue principal states. 

Stfijc 1 P,-3o tbWU\ T,MO°F *9* k,- <(>17.07 BWlb, s, -l.T<74 &WU> # £ 

Sfate.T- p x --WUb^\ T V -300 # P^> KWlb, >7.-t.Vm 

S+ate. 3 p^ -Ipo( bff^T^“ lQO # P K-j* k* *ioo*F -<SS.OS <?<■*• At> 

5>We p u “Jolbf/ r in t * 7WrofH;»\g process ==>k»f* (sS.OS ((b 

(4j tWc compressor power is 

>W t s m 

gvaluA.tm» *», a..* (So,ooO BK. A) 

< 2 . 00 . 1 - “ >v\ i*”31 ** - (y^-UV) 


tWs 


t"U/S.74 -tSS-oS’')SUw/li) 

- Sa,iH U>/h 




(?4*. 


t kp 


iSHS'GWh 


" M.-J3 Up «d- 

(>) The coefficient of performance, is 
Vi t ~Vw 


w< 
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■pEogLEH i0*19 

KWOUiM 


ft r \/ 
bAA*^U**U*S cxUdlo 


dpo^-Co^Aj tsi'ow fe ^ +r^-hevi d U* u*ui 

ed refv* r^he^ p^vt f fu^fi are I n K d lo 


>■ 


k^t. Ca m ci 

j f . . ._ ref/^cii vei* 

T^-*“ £h*>^ cirtdl f't t tfv-s +-e p€ r ^ ■K*r'< £ art c*. Ifo Xp^*^Y^ rc ^ 

^ >k/o C a.h eioJtt Ly tir- K-h kv.^ -f- I *j f ^ cJf^C r nt. i^U^v cX^_ (if 4*^^) 


£/P*Jly jt ^ur*it C ft.^ cir-IC h 

^ L^Cf*i ■ft"" "^* £ Aj^'V 
SCHTfcf*iA-rit T>^TA■ 



ElsJ(rlKJg&RlMQ- MOB^L : 

Tfr^ rcfr i^eAtu^ c ycic. 
&A hcrt*£ to ■tKn_ ^cU=A 

p^ectfnfc^ ^Vv- +£* v - 

oeyv^M t si &v\ c^cJe t** 

ifft* to.2 


AjjALY^U: F^ h^+ ’fv'A^S-^V f° +*^* workCiVg passi^j + kjr»uyU-“H^ 

t^*-juv"* J hv +K* cfltd aj^aja^v ^ um i^vvuif e 

* b ‘^ - P fe ^ p * S*+ctO 

ftr k#*+ fcyvm +K# ooy^JofKj -f^oTcl pawf^ -f^M. co^^ f * t ^ v ' 

+o -Vl*j uj&^ a*‘jV«<' ( 

P^(Th-)^ Pcp« 1 £ 10 b*-r 


i-Wi 


P*.v(t> 0 t) 

ft*t Oo*C) 

-fear 14/e. 

Rll 

A-7 

4-^1 

U ,43 '&*>'* 

Wo - *W 4atM^k. 

RI34«_ 

A - >0 

2X*> 

77 


P^. 

A-v'i 

4.3 

M-CA 



A'l (* 

_1 

4-74 

fo. r 

M>- fWtfo*) 
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PXOS L£rt 10.20 


Kk)Qil?i<J Avo^or-compressieK rehrigera+Le'v^ cgcle U used fo Ymmfxit\, 

G-.CoM rtijicm fepiperatu-ne. Tc, . Re-friaeraut ccmcU+tons oct<l 

OjlVeiAd't' v CLrioaS polios , The reMigft<T5tfiV\^ Cxxp'xcilij is Spattf-itd. . 

Flisfty. PI of refrigerant vmcs -floto rufe, coefficient of performance/t/vt! 
(Tf igCTafinj efficiency versus a ranya ©fl^, values and far 

ftse retrigeran.tr <*> fCis^cu ^cto pn>pa.n*. , <«) fizz, cd) dw<n»ni<».. 





fAiVsfs : The proee< 4 ure. If ■fUe-Sa.rr'c -fcreAC-li 
.fes are CCxc eet as fo l lotos*. 


r«rr i 


&y c-l 




• State ( : X * r c - /S J 5a/. r?y<?r- j hg a*tel of T, 

Stflk^.'- Ulm 3 T, r,-(i= (Wt,- T ><tn ulU,. r,^ W 

cf«^vfttine . U;*en usmaj rhe sufje^keaferf sfanor fo-Wi-, d&uble. 

fwf^rpol a+UTvx. is (ilcely. Me-rtf, tue p t -fo gaf ini } 

h a s h,+ tU,. S 'U, V»U 

State 3- 7} a< ?5 ‘®f. fc 3 *^e 5s . F 

■ Stated * . Tkrzrttlmg (proves : U 4 -U 5 


To get 4 We ret-ri^cmut vnacs -{foxo fate 

QiV. 


Vvv - 


K-^w 

Tk& coefficient ef ^rfov wance is 
<5= 1 "‘ 1h 


F,«oacj- a 

a>A 




T c f^ 


H 


ref 


C»*v\oV 
€/ 


5t 0 - T c C«E) 
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Problem 10-20 continued 


T>t£ 4o^ +W re^uaWJt plofs arc obtained uSiUj folfotos . Shoum here 

i5 -H\£ Code TUe code -for olkr oa^^eraveb similar. 


/T Code 

T1 - TC - 15 //“F 

eia_C = 08 
T3 = 95 It* F 
Qdotin = 1 //ion 
TC = -25 // e F 

TH = 80 // *F 


mdol = (Qdotin * 200) / (hi - h4) 
beta = (hi - 04)/ (02- hi) 

betacarnot = (TC + 460) f ((TH + 460) - (TC + 460)) 
off = beta / betacarnot 


xl - 1 

pi “ Psa^Tf Ammonia", T1) 
hi = h sa t_ Px{" Ann mo n i a p1 h xi) 
si = ssat_Px("Ammonia , \ pi, xl) 
s2s = si 
p2 - p3 

s2s “ $_PT( M Ammorua w . p2. T2s) 
h2s - h_PT(' l Ammonia tl , p2, T2s) 
h2 - hi + (h2s - hi) / eta_c 
p3 * Psat Tf Ammonia". T3) 
x3 = 0 

h3 = hsat^PxC’Ammonia", p3 r x3) 
h4 = h3 


fLOTS 4 . 



IT Resufts for Ammonia. T z = -25 *F 

hi 2 597 Btu/lb 
h 2 - 847,8 Btu/lb 
h^- 797.7 Btu/lb 
h 3 = 149 1 Btu/lb 
h 4 = 149 1 Btu/lb 
ft*™ = 4.143 
m = 0.4465 Ib/min 
jl = 1,785 
IW - 0 431 




?ropori*A dab. tvrfpnppuno. are, nct 

afcfe i« iT. U s > ng data -frc*^\ 

7*w|ak,i A-HpEjA - nGj 4-- idEj w-c 

■&r Aft- 'fo LUtu ; res. ixks -for cl 

aw^ie. ecwA ,* 

7^--25'°f-*?3S°F 

m = I .*! $ S it I im*v 
3 2.07 

►t«t* °- 5 
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PROBLEM <0.21 


jojOLUfj: (X y^r^oyt! ^ \ s fUe, wovlciVy fUwA m a, Vafor- cop\p*rssi"on. 

rcfrigey«x"kov\ patcc ave Lcnowo a+ Varlouts loca,+ion-s 

o.vt£^ +bfi- rtfirCjcrafiVig ctxpacifj \4 gCv/CA . 

F\hc v Defe-cm we (a-I "Hul wut^s -flow ra.te ef refW^eviAA't jOp) flm 
compressor pother } (cj +Ke coefficient ©f perforxwu.nce } a.Ko( 
i.4) Pbe, iSedfrop'ic compressor efficiency , 


0 

Schematic 4 &iv6u data : 

T 


-Z2°6- 



UoO°C 



■ r»- (bO°C 


^1! A 

Compftssor? C^s 


T,--2-0°C 


i ' i 


£M<btug£^t^Q Mppg.L : seo ExternnK JO.3 .i-fev^s 
i~4;evcep+ pwecowprgssoc’efC-ici w<uj u,mspecified. 

AmalVsiS ~. Firsfj ftic each of flie priMCipf*! stcifcs. 

SjAk I T,- -ZT-*C , ^afw.yvor bi- W>S.0« tr/fc^ ( -£(,457 U7fc<jlC 

SU+e 2 p x -lu bo-r, -I^O'C l^IW.HST IT/fej 

State 3 - (U bpJ - ^ Saf. U^uuct V\^ ~ "5"l(*»KtA ( by 

Stated TVrofPU^j ^ rtrees^ =? “ Vl<** 4 <# k-JVfc^ 

(A> The vac<.ss flow rale is ctete.r m.\v%eA aevna fUe reWUerat-wq c/ip«.c’itu 
0, =Vw(\q r U H ^ 

Q ,h _ ( <5o fctv’) { UX/s 


TWs 


YVi =- 


In ,-W^ (Ni5,t>«-^'7(,.m J )wr 


l kw/ 


*0.w< ^ 


vn 


0 >] Tke. compressor-power* is 
W c -YV>CVi l -l\.> - 

(c) Tke ooefftcVemf ©f performance \& 

(\ - QiU - (SO k(A/ ^ 

W C ‘ 5S4-SC kiM - 


ItT 

5 


lltw 


i**i 


--ss.z ^ ^ 


cd) For isertFrepvc cotvip^ssio*. , f^| /(, b<xr J S 2s = s, =»> la ls = nss.'» tix 3 

Tluis, fkc is ew. tropic efficiency U 

ns'S.i'ir — tms.og 


b i. - W i (H.(S\0^ 0*^2 (2^.&4) *- 
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PROBLEM LO.ZZ 

R 134^ j& -tK* Cfc*ort_rnj m <x vapor - J ^ jffarffAj^ 

UjA-h r c<jo/c J QjncifH^r - TkJ e*p*Uf| k cmd 

Hkp co^jwui^fl p^ccttti J* <±tfic«^b*d l*ij p \T h0t - Com^nf. 

F^D : Dcfcr'^Vit: fa) -1^ ^Vt r-L+^ ^ K f34 <6 ) poujrr *V>pu^- 

f ■f'V -ft/v' <Lo S £ CTV^ C cl C_*> *-£fV c_^ C 

P* r t Cd J C^ofr^ fv* f yj ft ^ C£ ) T^’k ^ #a 

tf* ^ S W wc ft ^V) Uvi c-* *vdjj jj-^v ovn-d -L^c ^ c* n-W v'a I ^ ^ t-* cL\— 


-£>jc p i 

€^p^#si^J ^ p*rt£i%+^3< iOou;v <k\p*jL^- 

1/ f c 

■schematic i feivstJ data-. 


HH°C 



-so 1 

tl.fr bar 

Tj*H4*C 


costing u c£er 

; L ao^c 



^pv‘«= cwt. 


IS°C 


Condenser 


EapJfl* .{Ml 


U Evaporator 

— 4 bftf 

1 


Pi* 11 W 

iP 3 ^”' *• 

, Compflrt&or |<J—=■ 

MJi 

^ Qc 




E^ttkjeg^iAJG - 


> 


<u 


J] T,*/54C 
IC> tows 


MoDAc rn 1 eo^U component U G.rte«.lyze<( <xt &. <H»Urul voLa.«w.c **■ steoiij 

sWe.(zi tK< cofKj>«ssi«>v% U palytasjuc ouilta rt=i.ot. Ci) TUe. e*.paw$tcrw taco^h. 
-tacvAlva U A/ -tkrottliUg procMi. ot) Heat +n<UAS?er -froM fUjt ow-tsuAe of +ki 
CO'Vv.tUuJer CAM. fc>£ ncaleMe^.- (5) fcmcHc a.*c<A potavlKeil energy tf-tecta aye 
neijU'g ilo(e. (.(«) Ut T 0 = a°i^IC. 

AMfl(-V3lS '. First j e<x&U VUe pri\Acip«l -states. 

Stale. t fear # T,» 15°C =v> Vi v ®2S8.t5 g # *^.^>48 k K, g .lC 

a/; ■» 0.05258 vwVk 5 

6Wc Z- For 'VUe. ^o^^nop\c p x = iz 

Vi> ^v, sO.OlTn. rv»Vk 5 

Frotw Tfcble K-U i 2-J1.33 kj/|^ , 3^- *34 I UT/kg lt 

5tgR 3 Comp^eSSeJl =^>- U < C fc *M°c) = m. j.^ fcT/kg 

Sj*. SfCHH^-cl * C.H05H UX/U-j-K. 

State ± Throttling process =$> h H = U 5 = H^.rtkX/leg 

e^ixo-tion. to.55” is W-Sej. +o tttarmvv\c +Ujl compressor ujcnrlc mpu^“ 

^ "(jrr) c Px v *--r. v '> 

* (“^H trLW 11.0.-.' , 1>^>. C4 )(.05Z58 ) 

rVie (wclss flonj ra,lt is fouw3t usi^q tVe refTfigera-ttag co.po.cUy 

,* _ <S.v\a _ (to taw! 
yv\ - :— ^- 


llO 5 VJtiw*- 

l WT 

| 1 bar 

1C? KE m 


K-^H ~{7^t> A%-\n.2%)^y yji I l tan 


Jill Vx/«wm| 

It Vn tlA 

| l tav\ j 

j (»0 3. ( 
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Problem 10-22 continued 

Tliw.5 ^ +k€- Copow J&r 

w t - *>{-(?•»* '‘ 4 > ^l = s ‘’‘' 7 kw - 

The. hea-+ +ravisfw mte U 

-Wcv-t- yvi(V> t -U^ 

- - ?.W7t l.VU)(l6l.ll-l1&.lS\ a -D.CfcCfa h-vJ<,- 


W| 


a 


CV 


6.C* Oo+onSl 

iu 

\ ^ l*A 

l kW | 

Wt. ( 5.4.47 WW) 

l +»A 1 

bO 5 ; 

\ kT fs j 


^i .127 


i 


f-rorvs a*^. a^e^Lj k^Lfc.w.ca. 

0 - VV* ( ^ 

- / V» -Vv, V / . /161.^-U2.2Z 1 

» v H wi 

rtfllLf 3 i ^ 


CvJ 


i°i - 5 >*i4? 


u>U**c K<iv - V\^T) , 

1 r/'/rr 


. O.^T^S tg(s -*- 




T^j /vjJtJU^ jjx^v^g iU/)vvth«v. can. b-* ^f*wc/ w, ^ fcj 1 To C"cv ■ 

• P, T +Uv» c a -nd tn.*fr~ 

* *t O t ^ * 

o " ^rli + ^ ( s z. - S > ^ tw ( S^i* - s u* Jj o^') + O'unc^ 
^E 4 ) tM- - \<r<*»A = To[h^ <s,- so + ^ e W ( 


*CuJ, o u-t vv^ ^ 3 

'(M^)b«l) «.H054-^3Hl)^ 

+ 0*m3K. .*«W1- .ZW, \J 

=. 2-7(0 kW 


( 6 kW 




°L~fU-!l Jf*oo)c 4? ■■* ^ 


* R,r + K» y *1 * t. > 

T 0 kC ( f +- s i 1 • 
Ti.Wt-A'i> «-+■ ¥fa fc <' : - 


Td n4 Svf ; Ci-a-A U'V ~ ^3 w ' '^ t ' ^ *“ ^ 4't''-'— 

n2.7.1- U = 0 . U,3^ ^ S,=c.«n-* e.i«1 (■***- 
Ho."!!. o.HS'iJ =■ 0¥i?^ M/P) < 


T>«uU 


)(0.<IV1- o.40^)' 0-??* |c '' w 
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pEOblEM (0,23 


KM(?ujnj : A va^or-cx-mp/iess wa 'rc(v'»^evcL+iov\ svj^k.w\ uses propose 

as VUe. towlolag -fluid. ‘Data. arc kAOuw at vaetbas 
Ioca turns a.vt^A -Hie. refrigeratma capacity is^ix/e.*. -lUz. 
covJlejAser is water-cajoled. J 

E1N t>.• De termite. (a.) -fcWe. Compressor (power , t b) tft«_ tWcSS flow rate of 

Ccm^eiASer C©oU'ucj xua-V^xr, avxt (Cj tVic. coefficient of 

performance. 

1 , tool iv»c loiter 

S6U€WA-Tlg. j eiv/SKJ DMA •. 

" (eS Op %0 °F 



lb 



as ft cowtroi voIluh*. of st-ecaLj state .<?.] TUere ar< 
no press are drops tkroiwjH Hue. Weal CJccHft^frrS. 

(3) ExpaM-siovi -mrow£|H 4ivt vaWe Is a. -Hurattling 
process . (t) ICinseHc a.*vtl pote.wViat evsergtj effect? 
ftre Aeglig'itk . C5) Heat transfer" -firoM Hub. 
outside. of fke cof\d*M sev* can t>c neglected, 

Avfti-V/5lS ’. F\rsf j fvx eaoU. of fHfl. principal states (Tittles A-li£ b A'tff). 
State i T,-0“ P ,sat vapor =$>V\,= 1^3. A 5lWll>, s, = e.4 22 Bfu./Ho °fZ. 

State 1 p^= ISO fkt/iW*:, T t =ko°F -$? T-tHfe BtWib,5,.= 0MZ\ &kUiV>°K 
A fy 130 Itf/ jTj compressed l i quid * H* i SS *£') 

State M: iWottlmg process V\ 4 -^1^= “N.Hi BH*./it * l4 ‘ 4 ' Bla/It 

(jk) EvaiuA'K^g irW£ c^rau^'t -fLouj y&£^ 

- ^xV _ Ws _ 2,00 6W ml a 

Mh) " CW3.1-1M.H0Big. |W 


vw 


8.H2- _1U 

TTMV\ 


tWs 


W c - L- (d«./if■) + (V^-U.U sC8.Kz^,4[-(-W) + (lvi.«-Wii53Bi^ 

- 33"J.<0 BVu/mia.-_ \jj. 


Ct) Aa energy balance ovu H*e, condenser- ^\ves.,ujitU H cw = U^Ct) 


m 


Cuj 










r-r-A-.W^t^L 

Vip((«S) | *«V l M9.0M - 


“ 7M.H1 

33 .oq 


cg?.t3 2s. 

Vrm^ , 


yr\ 


cuj 


CO TWe. coefficient ef per-PorTncmee U 

a - .Q:in - — E. *°»- s 2oo bki/mou . - Q . 
v \Ii- 337.1* €>Ww.vu i-frn 


\Mc 
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?ROliL£M 10.2*1 

mom. 


"Dct^ «,<!L k^Otovi -for A. Uji ^Cuj-. K^OU-Hie^ <X V Y’ CO*viMiOM'r, Tift* tXYf 
CoWA'fi'ovw/' a^zobWs (y\ ix_ ^4pof^CjCfYV-p'° a S£l fr > 1 ' 1 Re£vW-em4-LoK cMc-Ie 
LOtrfU R.-2S2. (le -f+LQ. UJOficL Ka i^-UAc-L. fl pev'.a.'Kv\g AO&_-£t>r4-Ve tuHtl'C. 
CXfe. [oA&ui nj b-luf CwcU’hin-i? iff -fka. <XVC e-wk/U^ ojvJi l-ttwm * +Wi- 


CA.VUA- <vy« sp&cifieC sj ^ 

Find.: ll^m\iv^CAJ*fWe tompresser power. CW'+V r^V«<S6Vflflbn CAaOfitbt, 

o r vM. C<d) e-f .per-fbrvmi-ice.. $ 4 , J J 

■ SCCWnc if QVEU TWTA ; 


°l bfcV* 


T ~IC Q C 



*5 ^y * l *^ r 

Xw-t = 1 S °C. , l botr 



ai^ 


^AVXu* " WitVwv\^ 

iQfr eaqd&ia £n bojJa D^nvpoVie-u.'f k ^(yztc( as 4 CotvIvt?! voUwie 

1 11 u^n+Uja_ flvopor^+or <v\\^ 

^lU iUj|p 4U hr ^lo'/fa ^w^fhe. 

j—« f /i ^ c * 1 ., .. > „ a j ^ j-, .. — 


C^TUeve art. v\a presta^e. drops ro a* 

c(m^<?U5er. Cl") Ike. cfGv'ttk?^ CLCtiakrtKca 

PY/S/lA/LIT J c>vii ^HA.^VHJLbU O-ta d' \ #/i l \ r>% ^ *_il . fv\ pY“< 

es (X&Jcuw tdexP^LS wj^U c^tI.pA 


e^p^^M-si-onkkryu^U 'fk** VflWe \s a. '-jt\'rottii\\<» proitVs .t4)^akurflj(e«f tisuLf 
Jetxvgs'-fl^ c.crvvrfjiv^j?.ir CS^“Th& ftM- bekey^jS O^'JtVr, id<U>Si <j»LS ujikU e„=i.r>«^ JzH. 


I 'VklfrCfSts . FjrsFj ~Pm &lcI\ ©-P-Hte. pW^ci pcd s-faf&s. 

1: ?r~ q b*r,T t *tVc =fc* k, = 2,-S^tS Ic.T/jtj t S( - c.^-jts 
fe = «? bar^ s„ = S, =*> Vi 4J = 2S0.t8 k^/fc^ 

Uslkq -fh<^ cwnpre^^r effectt^cx^ 

hi^iiL ^ U^= Ua fdX ) * ziS ^ scl 


4 


■K' 


w^.- K 


_SWk. ^ ' P 5 "^ \oarjSed--l\ju-U U^-tB.^9 L^r/lcg- 

5k?-W 4' ■ TVyrotHi'kvg process =■ U&- 5°i ([c^ 


Vv\ 


- tMr) 


avr 


RX 


ca r y 




• ^ ^ tL ^ 
(M Ji^VzoS k) 


10 s 

1 leT 

j [itwr i 

] a 3 sr ■ ^ 


-2 ff/n k^-LC 
= 51.&3 kg/*m\vi. 

For "fke Ccm-frol voLu-rrie evv.closm^ 'i'kc. e^i/d. pora.k?«~ 

Q * U,^ + No CtviV" U OM ^^ 

Wtkk k ou+ . - 2pCT r ^-Tp^ C^i-eos tT/f^ ■!<) 
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Problem 10-24 continued 

YVt - '!-h ~~ 1 

Ck v -wo 

. (i±*± ^/^uV 1 - 005 3 Lns !«(»*.: 

C 2-S-9.1 8-fc8.5<U l<7/1< 3 ^ 

(Qj TKe coywpesso'r ^ouj^t Is 

w - m Ck -l-A -(i.ns-ElAl ' mm (2.8^4^ -z^we) ”• 

c R ' wiiV% 4 fc>G S J tj 

- £)*G> - 

0°) TVlfc 'Te (V i (j a v'aj-lcrvv CCGp Q.C-1-kj 

QiV\ ” t kU «A 


l tw 


l IcT/s 


= C'-' 7S ^y«‘'.‘B-fe8.s<0^' 

- l,®lp ~h?Y\Sjm _ 


i -to 


n 


•2-H icsT/nWh 


(CD~TW coeff-lciewt- c>£ perfermeaAce U 

„ Ui-Vu, 

(?> - --— ~ (tp,2 l ^ _ 


1a -W, 


w, 


j n 
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PfcOfilcM 10,25 


kwqww : Vaf-a. a.re jcnooon af various locations U\ a. vapor-compress ton 

refngerafeon c^de.. The refrijera.fico.pcic.i-hj is (aoo fthc/U. 

EiUD : DcfenYithe, tke. evaporate rand oemdeyifer press u res J nyias s ftou) ntfe 

cf refrigerant, compressor pouer input t and coefficient of 
performance for (a) Refrigerant 13 4«. aneLCto) propane- 

as -fee ooorlcinj fluid . 



4A/ALV 516: pirst, £ IX COxIa 

(A) flefrifleraM.'f- >3 W<t{ 


5-fc4«-. 


Mute A : p ~jd 7 - /6.fc74- ... 

IhHrpd&hnj Table A-f 2 E a* r, =o'f =S> ij^/ 0^.2 ^ ; 5 

^ - %£*,+ (C> TS 0 ? ~ IZ-S-bZ- fefl i’* 2 ^_ 

•* 1 2,1 .Oi 6Vn/tt> 

1a,- Vv + U *s -h i_ = /25.7 iihj.rO> 
x * U<_ 

S fate 3 *. Ii 3 - Ilf Cr } ) - Ho. 72, 0 K/lb 



i e.usf 6(wn,s^ 




C k ' 

© 


5f&fe* iW^crttUlig 'process H7 - U 4 - 40.12 dHt/ilp 


Propj 


am. 


Sfeioj. r, -- fVa + <2-, 0 * r - 3/.<} IbpitlA^ _ PtMfW 

PgulIoU inJ-orpolMi'^r*. in T&Uc A-tSE ^tucSj f^4, 2 6\u/U>^ 3,5 0,4331 0K</&^ 

^41 r^fs.teisoe'' nt.T ^4 - 

For- (iCn-h-opic co>v^rfsstV^ j s 2J *s £0.4331 ^ W iS -• rso.t-i a+U/lt. 

UmU} i^ £ ooM.pre.s5or eWctewOj 
llxs -111 


VI, 


]?A ■ 

w t -u, 


=> ^x*Ia»+ =23*?.7 


S-frtfr 3 Vv s *- kf(<to»F) *77.74 ehJtl. 

5tfr-fc4 . ftro-ff Ii‘ng process => U4 = = T7.74 Gkt/tt 
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Problem 10-25 continued 

Mass floio r/iig. 

Tv>e reWi<jC-ca-V*tv\<j capaclf y is u.s e.d -fo &'*A fte. tvt&ss £(ou> caAe., 

- Q . 6000 W-k/U ^ 


Yvv 


E-n>4<\ 


K*^4 ( lo2.2- 40-1^ &lwlL> 

- 0.2f| lt/iwm-*- 


i v> 


(p o W\ \ k\ 


@ 


S^Marbj , W propose3 0.143 

CorApt-gssc.r yotdmrtV<yu± 

For Re^ri^otcV (34 a. 

W t «*(U,-Ud = (o.'m & Yus.t (©2.0*1* 


- o 


■ /SO kp 


Go v*i 

l U p 

\ w 

ZS45 &hUU 


SWiUrltj , for pro^poMe. • W c =o.(S3^. 

ictgjL-f o£ -perforwiaMce 

^P-134*. 


K~ V 4 


102.Z-40.1Z 


IZ-5.-7-. I02.Z 


5^iUrUj,W ? rop^; f prof<we - 


- 




*v» (b) 


W A*) 


Wc(fc) 


co 


■f 

-f£b) 


/. *Jo-fe 4 Ua 4- propane cyeAe. aperaJez ajf- kijhtf pressures -jiaw -fU*. £-(34<< 

Z. TUz propane £Ujc(c <mjmM low®*- ^^5 flow redte -f4ta- K-1 34 a_ 

cMcle. t-Wever, 4W poujtwr aW. CoefficieUs of iper&)fn>vxnce. neAr u> 

"rt*uz SO-vwi- -tW 4>-Oo u>orWiA* -Clauds ift+Wt.s cai«. ^ 
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pc rtf i 


PROBLEM 10, Zfc> 

°P* rA+lV *5 daffi, af-c pros tried -fur- A ^(I^or- Q>y*^vjj* r'*7K 
£< tr“ Cc/tWrf' K* v '-* rwj C ^ X *vi. 

pAMOj D C hPv ry~U*\t f* j! -f^ j?ei>/cr- /V£L*J ty I ft# d t) -f'fru Gtf kUj^V J Jf £b j f'*** Coep^i ^PjJ" 

0f- I C() t*M ^ cUsWch'avi UvC +<^> £j)^jjor 

a^-«J VftA^j f Ki A*kt ^ ^jifr^cH^ Oi*vd £->: f "^' v V tv'tt^ilfv^ 

0*CC*^A*-jA**j if*** -jW *- Ccfh V"*f Ul**t£ * Cd; +<^ 

e^^TfcWr ^ ^T'h'n^ rj ceof fU^jpv, j J -pU_> ^^d 

-t'U-ft. Surrey*^ v\ ^ S . 

&ti&iN6ERtK)&* M® 064, : 

!~ Tf^ <^c?n W l VOix/M* % S L^ouLM* L-U -J-Cs_^ 
£Clr^ kW^H-KX ^ £ +£A d ^ ^ f*. f-e , 

tlK(h C fl-rvd JVG +f X -hV-^ C-HX^j 

A-f'r kie<yL"]jt/e us o.fr ^usjurt ^ 

C k—*>*a +■&-*■*«> u^L t 1 *-*- 

*'/<i|otv' ( ift>r O^d C € k\$*r . 

1. ^tro$f i/a/t/<? t* 

4 Tlart ^ *^-o £ fvc*. y ^ a-^ 1 " ?6r^ h j f-V" 


S£rt%MATtc &G/veM DATA'. 


O.kl lU lUtJ 

liquid 



S' 


X- 5SZ)^ - 


Am A L Y $tS \ Fx>r p *% *, tJL^p a_l sE*-*4,Ij e £ r* o Ei ^uv4^*^K-^ dj^W* Cjvrt. ka-*-_ 

CJbf*-4wr4 ^vww -t^WL £ fJ4<^ 


s4#A t_ 

~n°>*) 

P C uf /.■.*) 

U(BW/t) 

i {8 tyM-o/e) 

\ 

40 

41 7 

lof.V* 

OZIS'I 

2 

- 

Ito 

1^-73 

o.zizi 

S 

- 

Ito 

47LS- 

Ooisg 

4 

- 

41.7 

47-i.r 

o 074-f 


CT*_WC A ~*o£j 
^T»4Aa_ A-/0fe_) 


^is-S, **d ^ TVW*- A-Uf Kl, 5 - J * ?■■ 7 V 1 ■ 7^» 

*^fu*n<Aj hi_r ht-*- ( HfeS-h,) _ ( i t> /?V -tol-lj) _ >?ff ^ 

B+V/t 

TnW r l^-^ T ^ Jb ^ Wl6 ^ Vl,U ^ 0 UiV 8 ^‘ d/? • 

S.KtA U^-ha > *4-' ■■>> t>S-2V oS~_ q t ^g-? ^ SUL- 0 0£?l-+£>.liJ3l(4 -2l 6^“ 

tfurul = ooWf^—? 

tt-o#_ 

(o.) An fHVy^ b-l **•’<•« -f*v- t<->- OJ^-f^KO*- ■J.XJ -t^ Ctn^-ULttw- (3 <fm>V .~p u-*: 

■ ^_ <*) 


Wc -- kiClt l -U 1 V(o.tS^C l *-.3J- l.^wjter - M4 


MU*i A fc 


TUj fj\' u t ^ ^ lp*^ -fv r Vv-< 

a . oi; rt ^ tk.-uO Co «rK‘^ W-4-7-tr)8Wi 5 8'^. 4 ,4l 

“— - --- : ----— - i .^ud-EhJl 


cO 


Wc, 


Wc. 


|.<34BWi 
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Problem 10-26 continued 

-n> ^jWcW^ 4 <m, £j =.7J> ir tv , 


^ U +<« *+3z+ »f <kW j^d^c-K** ofe^ n .d frt 
f-t € * "Tki*i 


tc ) Rnr c-o 




*ti 


© 


(^Wp* 1S^(ri-s,> (gss^V 0 ^^Xo.zzjg-o.ifM)^ _ 0 37l 
(V v* \ ^ 

(ejVwe- T^Uu-^- tS^f« ? irXd 0‘W , #-0 c*f8) = o-i??. fl£_ 

'll 

C J ) R^r ^ Kt»l *V(vfr**? fncXy rr^c ^ t?-rU^iL4, _ i 

+ ^^K..h-, J ** ,„ W , J*. “’ 

0i ilfife-i.Hd* 

** ^«.p-- T e [--^£ ^IS, -^] = sg 6 ‘R[- 8^y . -.fc.ir »)(o.iw 

, '® r ^o§ i r t )] 

0^8t6^- J 

.s 

T 1 ^-* acuw^v^!^ U^jfirA ^ » frv u> 

'L‘* ’ [‘“ = - O.SI? • TW» tra^fv- 

(A ofpoti 4» G -Us* «UrrtK«w> ^<K—k«kH*’«»»(v (»•«***** (»^frht<fv oocuitM Tc<5, 

(«■) FV *. c-ws-H-ol v/dlww^ «.mcA»j>»\ 5 c(A^i«rtW y ai i <l ^><*»^ <•*- 

■fU. •ScA~»x-jL> , t ^ c.-* <—,4v-d^ /Vijb. bfdi^U MLwi-t 




O -=."<*><>■»* ii> ( Si <Tc^ ---—- 

tm r- rs^»fKj.Hils 0.irUg>-3V-4?,fcr) MO.^Wi) 

(_6,W^ -- T 0 [%-M0]-. SVO^ l|^+o.,r(o.o<K*-o.w3y)] 

- 0.173 


4va rt £f*v" ^ 

^ccawjwv-gf^ ^ tr«*vfv ^ 


V-t'-%■)“-* 5 

S i*v et. To =■ / H ^ 


l. TKe **-**<aL*- erfAiuflt+v'tfvir C^V, 1$~C 4 folloU>%\ 


* Efc^eo-f frti 

“ Tra*s f*v* ^ 

- 1 r %±s Jv * rty Vv 

— D*t [r*c+Vo**C 

C*> v~[W£f 

Vft 1VC- 

<J,Vfc fWT^- 

t 

0 

o-3>[ - tn-Wal 

03f2- - trtTViJ 

0 173 - 0<M4S>) 



M* Btu(s 
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to. 11 

« Poia art. bwoum «f ^tfyious IocaKov\s fK ^ vapor-comp 
refriger,stb>K c^cie. TU«. refrigerating CAf^buW t's S-foni, 

Pimp ; TX6fdv*miV\c. fa) 4k«. r^frnjcmuKf *Wi.s> flou> m/e, c b) rhc 00Mfirtxia~r iior>lr«ji u. 

C-j4-tci«iv^j > CO +bt c©ruprtf«or power, £d) fke a> ef(-\cic*.i .perform* a ce, 
Plef CtccXCo^-RtMe ^uatv4-\4ies for Os^ressoOSxU- 4empera*w*E’S tru^ibj 
-from I'iO^Pf© KO*F. 

Gm* 


Semite i stv&o j>*ta •• 


Mo*F 



Sdf. iijfiaV cf bf/1 h* 

’ 1 ’ 


iiinMfir* 




r ^ • ‘ T^fSVl^ 



r t * so*f 

t . _ . v'O-por 

<?-r - Sfons * 

gM6iue£ftiK)6- model : SeeF.teu'wple /o.3,jf€ms /-4 ; etcepi 4U* co^^ssor 
ef&cieMaj k nof spaci-fie^t. 

ANALYSIS: First, f-ix eao-k ®f-+Ue principal stages. 

S-kUe i t 1 ~5o <> f ) $c^a*vMvapt>r h ( r 103.74 3Mb, 5 , ?o,z*s3 i*n/b-°e 

S4<Ue 2 ^»/^o 1 W /1 ^,T i = /4o c F U 2 - iZ 3.*/ 8ftt/lb 

5-fflfe, 3 p > 3 -/ 80 5af tfgalc/ bj - .£'0,64 0 kx/(L 

5fo4e4 rtro44(i^- paxr-;5 = ii ^ - 50.b4 &Lu /It 

(O Wv4U“H*jl refVigCvBcki^ CwpuM-^ 


Yv\ - 


6 u 


IA 


S 4oyiv 


™ (joe.i4- 50.fc4)BW/tU 
C^) p^-ieo \U-U\S: j - s t 4> s 

h8.4Z-IOB.T4 


OOO 


l +ov\ 


- 17.21 I ij/w'ii#. 


m 


ft S ^2±zhl 

C b*~U v 


CO 


IZ3, Z[ - 106.74 

lb 

- S.©7 Up 


11 8.4Z 8ht/lb 
- O.fcfo^ £4.6.4%; -*- 


Jk 


W c - mCU z -U,\ *(f™l jfe■ X»^Al-|06.n4)’ 


lip I 


1 fc>0 wi^ 

1 bp 

1 l u 

1Z5-45 6Wk 


w*. 


(cl; 


fts. ^Ja. -f_ ?k>nS \ 

Zoo ftHlimiVt 

60 mr\v\ 

( bp 

> V5.ft7Up) 

1 Wr\ 

l Ui 





Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



















































Problem 10-27 continued 

TVt WeA -for picfs are oWruYi eJ. osimj 1 7^ as -f bttcufs. 


(T Code 
T1 = 50 // °F 
T2 = 140 //T 
p2= 180 // lbf/in, 2 
p3 = p2 

Qdotin = 5 II tons 

pi = Psat T("R134A“, T1) 
hi = hsat PxO'RI34A' 1 , pi, 1) 
si = ssat_Px("R134A", pi, 1) 
h2 = h_PT( , 'R134A" l p2, T2) 
s2s = si 

h2s = h Ps("R134A”, p2, s2s) 
h3 = hsat Px("R134A", p3. 0) 
h4 = h3 

mdot = Qdotin / (hi - h4) * 200 // conversion to tons 
etac - (h2s - hi) / (h2 - hi) 

Wdotc = mdot * (h2 - hi) * (60 / 2545) It conversion to hp 
beta = (Qdotin / Wdotc) * (200 * 60 / 2545) 

/7~ Results/for T,= 140 *R 

m = 17.21 Ib/min 
W c = 5.873 hp 
/3 = 4.014 
f)s - 0.6699 
0, = 108.7 Btu/lb 
h- 2 - 123.2 Btu/lb 
h 2s = 118.4 Btu/Ib 
ft 3 - 50.64 Btu/lb 
ft,, = 50 64 Btu/lb 


t±pk_ : VW do ein'-t v/fttry wWii T z , iWs, 

■no plot* Is iVicUuUJL 

A^s T^. in creates,-H\e compressor 
eWcte^oj dtcr-eaxts more iV\fi4' 
/s r£<suir<*<C fb/fikeA <$a,,4t»A 
O^sulUs \ oL decree tw ooef^ciewt 
oP p^v^bv^moMce. 



condenser inlet terrpearture - T 



condenser inlet temperature - *F 



condenser inlet temperature - ®F 
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PROQtetA 10 . Z8 


P± -L5o lUtfiU*' 


f'V* 


kNO^tl- A cascade r^cfri^erah^n h ccrypoSed ef- fwo ideoJ VtLpor- 

compression cycles (jut^k an \^&tr-aTAntcj^i A« l\enj cxcUAHAer. Tb-fa. 
are known at Vdnaus locaf-Lons- in oach c^Ue^nd ikt /ef-n'qmfr™ 
CAjxuity is g iv^evt. 

ElN£> ‘- Vtfarm we. (A) -fke power b cacU coYv>prrssorj (b) -fUe coefficient 
of- perfocmo.Act, ^rA( c) the <**k ° (■ e*«^d^wchoKi <n. .fj,^ fuferfueiiUafe 
heat e.£Clnaw$ef‘. a q^, 

Si i t e*\AT<C j (li/BAl PAW -. w _ 

EltfG(^££g<KtG- ft^ODg.L *. Tkc rfeAiS Saf.ii, 
irt lofavw.jilE to. i frpplcj {by €<wUa 
< xje(.e .Cz) There- >S no Viced frwyfer- 
{Verm YUe. outside ef iwt«rfc\edA.flte 

View* e*<^aw£ar. {3) L*f 7 ;= &o c f =y4o°c 
OvJL jp o i 14'7 IW-flVX* - - 

/WM.4SIS '• Firsf"^ fix eacti of +he 

priMcip^f Sfttfes. 

Fbr+ke R-lbM*- eucfe.: 

5fo{& 1 '. T,--3o t ’f = j .Vopor 

=> h x - <?7. 32. 0WIfcj S, =0.7ZW Bh,/((>■*£ 

Z;. f^SO ffef/iM*-, s^-s, =$> in.34 

3~ . Pj = 5o 5ctf. 

=t> Vijiiy.jsf iBm/tbj 5^ 0.05 Z2 ewtb-'e. 

Tj--WF >, . 

<;«,.= Zc tens 

f H ~P, j iWttluX*) proosci ; W H “14.14- ^ S H - 0.0 Si, 3 S^/ffc-'R 
Fbr +Wc R-zi cycle •. 

Shte 5 •. T s = r 3 - S = 3 SVz7 °F / SAi. <Jv-por -{> U s - icf. S' Qht/ 1 ^ 5 r = o, ti 095 - 
21 dSJjL - p fc =Z50 Ibf/i«^S t =S 5 =i> = 110.5 1 Btw/lU 

Sisie-X- P 7 -Zso /W=AV; S*.te fteatef =P^-43.4fc 6k,/It 

5fafe_£- Tg = 35.17 °F j rkrtorili«5 process hg, “Hj - ^3.40 Sfwlfe 
<xue* Sg - O.OIo&S 0Hi/lb ‘’/^ 

The m&-5s Ftouj r^fe. of’ iR'i34<ft. is detev'rtiiVie.ct usmg 4Ue giv©*i fefri'^emfiiy 

c#^>act4i/ 



P t =so Ikf.U 1 - 


f 1 b&.kx/*^>or 
T^~zo°F 


a, 


m 


^-134 


1-1,- ^t> 


Ol, 


134* 


TkMS, -W VU<- Cav\ifr««e>r 


W tl - 




R-iS4^ 


0^-0 -^r )(ui.34- 4 ?7.32.^^ 

irv\iL4 *■ o 


irv^u^ 

“7^0-3 ^Vufwuu 


(.20 h>ns\ 

2&<o dkx /vuyk 

Cl7.5i-Z4.iM) ih* 
Lb 

Mun 

1 5H .Istlf Ik / kmlia 


<n.3z')^ 4 

w tl 
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Problem 10-28 continued 


To TuacI -fiie c^enxwt Z2- ro^c ^a.^o-icj'ze H*.<t Iwterwedtafe hea.1 

exchanger. 


0 ~ f C Ug - k$) 


or 


Vvv- 


e~n 


VVl 






l S-Wgi 


\ >of. S - 


-7-V.og IWiwn 


TWs, -for 4kc- d-vz. corApr-ris: or 

vv> g.-'LT.(W- l 's)-0+ o t ~)(\zo,s\- m. 8-) eu^u^ 

(b) The overall coeWcie'4' ©4 'parfcrwawce, is 




C ■L 


3 ^ - —-—— 

V C?W.3 +wt )e^w u 


Q.' 1A 


C^-O ■J'QVtO 


loo Pkn/iwii 


l Ioia 


- ^84- ^ 

(x\ Fov Fbic ^eut tx cl*a w^or 

^ =■ T »^X Z ^ [^R-V^tV^W **«-*,.< £ f*s)] 

" (SHO 0 ^^ 2L2045 -.o^oSKl] 

~S8-S1 Bk»./iivtm 
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PROBLEM to .29 


KefrigsmotVW vooH-Hg -f-Wd. iv\ a. vaf or- coy*^ ccssio*. 
refrvger adiow Sm»Ycim u.sw\g -Hoo-sto-ae ooin^res^io^ uji+k 
m+-ercooU'vvg bjtfwcea. +kA ffajjas, fUe; rc frige raf Ha cai>(X£.\ 4 y 

is gw< va^SloJI dafax. oA varu>u.$ locodiowi ar-e. kaoiZm. 

De-Yermiwe. (<M H.e power iapu.f Yd £o-C.V\ compressor, avid. <.b) Ha. 
LOfffioie.tt.-t per-tormcnAica- 


F HOP 1. 

SCHEMATIC ^ fcyygfO HAW . 


-ao^c 




BLteiNgeftiLVs. s 

Mlk: U) EacVi Co rv\po a e *A" C$ a.*wJUjx€t( 

a.s a Ccmfrul volume od s+couiy sYa.t*..C).) tKc 
Co repressors ©parole iscwbnopHallH.(3} THer£ are 
no pressure drops -for flow •fWowjW a*w el He 
h.«.aA &kC Wafers or Ha flosta lWvys'vm'-. 

CHI Tbe f task cAo.iv.lser a«Jl direct coyAojdY 
herot LXctan^M" ftfuwute oulirJoo.tlcft.lU. 

C5\ tW- CxpouttStim "m Hj£ VoW vs a.+Vircrt 1 l'n-g 
(irdWiS. CM kinetic. 0**A fcofcMdiecP Cvveravi 
aflec-ts are. negligible. 

ANALYSIS ■ First,-fiy eaoU ef Hie prinaipal states. 

State t T, =-3o 0 c } sat. yapor =£> W,= 22 ‘f-i^ eti/eg^ o■ c t't31 
StaAc L Pj_ - 4 bar , s t = s, A> = 2to.L2-*:j-(kg 
State. 5 - 12 bar J Sot. liquid => b s - //S-M, UT/tg 

State (0 TUrortliiig jjrocc^s -=i> ki t -U 5 = *rt-o.zy^s - 

State 1 ?-j - 4 bar t sot. liquid =£> b-j - & 2 _.oofcr/l^ 

S-bate 8 Tbrottlvbg -proofs* =i> Uft-U^s 6T—0O ^ 3 /^ 

State = 4 bar , sat- vapor =i> bq = IS2.2Z. Ur/Uj 

State 3 The trac+lov\ of He Hoco mho tVvc flasW cba*iber at b 4Wd 

Q*‘*kS q_S saturated vapor oA 4 is e<twJ! to Hjl oualiAu ojtfc. 

Tbe liquid. leaviUg -fW. ^lasU cUambtfrot"-j is t£e (r<wti>u 
I—JCb . U/iVU tVcac fUyj rate, ratios 

® — O—X^\ V\^ + U<^ — i. V \3 

b -3 — In - 2 . -b Xt b<j 

a(i-o.7nr)^ta^ + o.it«-(^ l U)B 

<XA d tog (V' 1*4 T A-a UJ* ^ ^ ■ 
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Problem 10-29 continued 


m To Meteorykwe. K*. corfirst deWmiVe 
tew rMes. Ter U^l e\z*jponM*r 

Q *’w ~ *\( h, - la e ^ 


Or" 


^ , “ 


<%>* _ 0 0 terns ) 

(A,-ke) (Tm.W - 6 l.-Cc') j j*+ov\ 

~ 0<2I Wg/ s 


l mia. 

fco 5 


^ev^o^ufvr' ' S ^ of A«- \xAvJl -flaw (passing ^Wougk 

* s V* 3 =:^ll_ = C).Z,,3 l<a/s 


V* 1 

vfr\ - 


Tkus ; 


om4 


Wcj-vte^k^-U,^ 5^0.21 £ 2 .) 6 z.to. ti- ££?.//) 

151 *3 

— C (o l L.W .._ 


I kw 


l UT/s 


Wc i 


Co.Z^X^St.^^ -ISZ.27-) = (s.Sfr IcW, 

OJ The coe-fficieut" of jpertermane*. ia 


W, 


ti 


ft - ■:, a,U ., ■ = 

0° ■te*.s') 

j 2U k37j>v via 

t r*\\l\ 

1 te W 


(£,.41 + 6.? C )tw 

l tevv 

foo s 

l Wfe 


= 2-I 
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PROBLEM 10.30 

K^ouhn: ik Coo^kU’n^ £/i/i'<f M ^ 4w> -Sf*-J^_ v^af- £o ^«* p*s 

rcfr^^fiA utm-g *_ <Ur*t+ coA+*<rf hf*t evch^Hjer To 

^ C i^u ^ 'Z tt. / A 4-°^ c^>o 11 * *0 ^Hr c^. o^t* <; tc **-* u> ^ a+ V^^t'oui i O Co, tS' d7v\ J^, 

awcL rc (viyr£xt:^ c^joa<h'+^ given, 

DeK^h c, (*l) i^- a* ko ^ i^-* vi^* rs *£-/ &w- r+.-h* vk 3 /u* ( ( -i* ^_ 

f>*^u 1 ^) ^ (& ) +k* ppi-U’er' p iKi- *t® <Lt) *j ^ ^ C cj 4 -K'<_ 

Cd) ?iot latM a +£^ ^ ^ p*,^ tA) f c J 

tftfrrw; -fW. ck/rcE - ^>%4> ch ^ c, Iwv^^jv p^jurt* ^1 rtvry, 


SgUfiMfr-nc £ &U/EIO D^V' 


-ao^p- 




3 aat-v^Lpor 

n^n^es 



k-J t;s-2o p f 
vtipor 


Gm * 30 icrii 


6fe 

IW 


EU6meeg)Mf y 3 

M 0£>£ L *. o ) E«.cJa to poweiot is 
ay\«.lyxc4 as a control VoUjlmc. *t ^tcoJLy 
stock .Cll Tkt comp/ossofi j VctWes^ <ulA 

diVecf confoc-'t J\ao.f c vt cirA Mer e<*-cU 
*fler<xk oJ,i!(x.WHc*IUj,( 3) J lijL espansims 
■mYOu^U +Im. vaWcs a.v<- +WrottU'n3 processes 

CmiVere am. no Su^wi-f-itaA pressure, drt^s 
■for fUu> -Hvn»u.sl\ fW V\c»l+ fctcdw«.v*4*r6.(5} kiK«Hi 
awud pokukM e*\e^ ef(-cc,fs axe. ifagligtWe. 

Ak/acmsis -, Firsi, fU eaxU ©f prmc\pa sMes. 

StaAe ' T| = -2o®F,SA-t. vapor •={> i^,-fco < f,H6tuVlb ; 5 >= 1 . 37^1 ©(«/*>•*£ 

SWe 7, For isentropic camfrei^iev. , p,= 80 s, =t> Vi IS - 

US\hg +We tornpressor-effu-ienuj ( 

^C“ ^ U,V ^hiSlhi] t 707.5“3 8Wlk 

^U-te3 pj-= SO lkf7i,A^sot.V<ipOf- ={> Uj=.W3.3 2-C>kt/H, > s 3 - PtVlb-^ 

^- Ve 1 . p H - 3 - so iW-iiH *: } •=> U ss * ip<t3.53 eu/lb. tVw.s 

a V '3'- ( h *o~fr.> | * 705.^0- eiu/lt, 

ko 

^ f 5 • 2 SolW/iV^ ^ Sc^f, i Us - it'l-'TIftWtt 

S.hxA^. <g TkroHU acj process ^ UTM7 fthtV li> 

6^-^Q- J f-j - /uO: ^Sc^t* IBW/(k 

5+0.4^, g iVircrtt^Wj process 

j ike- WUiSS -flow -tkrouLjjk zvapor A+mr (4 


*tVv 




C3 o k> hS ) 


1 U v -V \5 Lbo^M -Q\.ll)Kb± 

1 to 


3100 bW^^U 


\ tt7V\ 


n.^ _Hl 

tw in, 
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Problem 10-30 continued 


The v«A-ss -flowj rote.'into fU*. second Wbihe sfcuie U bn 

lcsiia^ <ma. ewetegy txxlcu«x*. m\. +ka_ ettnect ce'K.twt ne«.t e*ckoiv^«.r 3 

^ ^ — Vi-j V\*| 

=■ rhj clvJL vh^ •=. w, v 
© - +- v*\, 

vhx, - = (iimV A‘ ZZ - 7 ^ 7> ^ \ = (S.ez Ib/iw*. 

Vhfc- U 3 J v 4 1*7.77-MS.32./ 


1Um6 

Or“ 


TV -f touJ nxte r^Lb U 

' /■ 353 — 


^3/^1, 


U>) tkj£. fouler mputt +o +U& first c©r*f f«Sor sta^e, '15: 

^(kx-U.) 


V fttliA 

- 7. 8.3® Wp^ 


(iO mn 

1 U 


t-»7.S^-&OH.i»)i^ L ru * h P 


lb 2.5 HS bk/k 


Wc. 


Ar &i fouoer irt(Mr fo Jrta SeunoJl compressor sfa^e. jj 
Wct,“ A 3 ( W 4 -IrtA 

=:(jS.fcl) (705.^2-4,23.37-)j^|^ j = 3£, * & i 

(c) The co«ffic lou-t of performance i5 


Wcx 


fc--3^ 

t W C1 + W ( 


Oo frws) 


i We 


a (28.7>84- 30 . 8 I )V\p|l5M5 6tyU 
= 2 H0 .«_ 


Xoo feWfc-w 

I to* 


bO WUlA 

»U 


$ 


W) Tjt« daffi for fac required pfcfs &*&. okftUMfid u.,51*^ IT, as -folUiuJs: 


IT Code 

Qdotfn = 30 // Ions 
T1 = -20 tr? 
p2 = SO // Idl/ln* 
p3 = p2 

p4 = 2SO // Ibf/in 1 
eta_Gl =0.05 
eta_c2 = 0.05 

xl - 1 

pi - P$aM"f Ammonia", T1) 
hi = hsat_PxrAmmonia H 1 pi, xl) 


si = ssat w PxrAmfnonia”, pi, xl) 
s2s - si 

h2s = h_Ps("Ammonia", p2. s2s) 
h2 = hl +■ (h2s - hi) / eta__d 
x3 = 1 

h3 - hsat^Px("Ammonia", p3, x3) 
s3 = ssat_Px("Ammonta" t p3. x3) 
s4s = s3 

h4s 3 h_Ps("Ammonia' t 1 p4, s4s) 
h4 = H3 + (h4s - h3) / eta_c2 
p5 = p4 

h5 = hsaUPxfAmmonia*, p5„0) 
h6 = h5 


p7 = p3 

ti7 = hsai PxCAmmonia". p7. 0) 
h8 3 h7 


mdotl = (Qdotin * 200) i (hi • h8) it Btu/min 
0 = mdol3 * (h6 - h3) ♦ mdotl * (ti2 - 07) 
mratio = mdot3 / mdotl 
Wdotcl = mdotl • (h2 - hi) • {$0 / 2545) 

Wdotc2 = mdol3 ■ (h4 - h3) * (60 / 2545) 

Wdotc = Wdotcl ♦ Wdoic2 

beta = {(Qdotln"200)/(Wdotci +Wdotc2))‘ (60/2545) 


IT Results for rh - 80 Ibf/in 1 

h r = 91 16 Blu/lb 

h i = 604.2 Btu/15 

h e = 91,16 Btu/lb 

hj - 707.1 Btu/lb 

rh /rh 3 1.353 

3 1 

hj t = 691.7 Btu/lb 

h 3 - 622.9 Btu/lb 

W = 26,37 hp 

cl 

hi = 705.2 Btu/lb 

h^ = 692.9 Biu/lb 

W *3Q7thp 
c2 

h L = 167.7 Blu/lb 

W * 5& Ofl hp 

h t = 167.7 Btu/lb 

C 

|i = 2 394 
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Problem 10-30 continued 


Plots: 




p 2 (Ibf/in. 2 ) P 2 (Ibf/in a ) 



p 2 (Ibf/in a ) 


From plots loC See. as -ftie mt'fcr pressure. increases J +ke. frtiMtov. 

Rflvo en|t/uivj jfre. fiVs-V toyn^-i rcss°f sjagz fn<x 


t&ajt eva-kvs sec^jvLrif 

iiAC-rcaSCi. M$o t fW- ©owe< re^fcu fKa Erfl" dccr€£trej OvJ? 

r^ 4 xuire^A fX\j 2 - ieamd shaep. irtcrzcaes. TUe cu,rv* fWM" skoiAJS -Kjl 
ooYVji^sJoi'' pouia'T evkUn+s 6- M.im*v*uw vatue. . AcosrdUnjL^-flie 
Ooe-PiAci'&u'f" of perforMavic*' esKVb tH ol v«Xue. 
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hettf 

iesof- 


PZO&teH to. 3/ 

|£W£k*)k) : Ammonia i-s -K*e u5firlci^ iw a -VviD-s-jotje t vapar- coK*p ,1esslffVV 

^VK+Vfv wpH* fioo evop<>fiwtors avut ad-tracf cmdoei I)® 8 
e.xcUft.tNAit^ Iwk are jivevi cd- various copactf 

i>aHv evapor<?di>f£ are fpecefied. 

FuOh•. De^erwii^e o) H** evaporator fe^er^Rufes, C b) -tt&poui&r i’t-vpu.f -fc> 

eac-t\co»vipres^&r-£ta$£ ( ckcef CcJ'lV-Ovavp.Ucoeff-’icieiA- fir p^r-formaMCc. 

^cUEMMtc i ftv&aWA : 

guafUgftgfiJG- hoe-£i : 

CO 2icA cci*joot\<tbji (S/oxak&i 

kSaUrrVWtA '\x>U»-me Vt* 

tj\-e<ub-j sW. C *■) TWc 
are no pr-essare <irr>ps 
4^vrpw^U ~tVa ’®Vapor*W'S } 

CCrw^kiRS&r^Oy <dUYe<of 

Coittee^ l\Cal-C«;dL«w^r. 

Cbj tW- c ov^r^ors wv*-« 

Ivtal" o*;ctv£U\eef i^gevaia 

aJ CakxxA-icalUj. tW 

e>JpOAA4 lo> ilwd T^fi- 

vaWt lf a-Hw«7tfvm* 




Compressor 
2 

Expansion 

valve 

A mmOfii U. 

6 



He. 30 -* 


YV>, 


VoWfitC 

process £41 l£tWic ?W ipa%Ww««w eCM? 

W Ao^ii^iUe ■ 

A : Fw<t , eociv of4U pniic Cpai tides. 

5fate I p t = V\ = fe0440 

5 > =lvns i^ 

■2 kg=te J=- p t = 70 tUliM^ J&is-S, ^ K^- bB3.HWitflU 
W'i-Ha 4Ue.Gtm^>r<e*scr $k*^. ef£ici«viaj j 0 C = Ck**- VlO/£h ,,-U,^ 

W x - k. + (b, ^-UtVvt^^ fc> 04.4o-KfeB3.1Z“feo4 < lC>)/o,& -703.55 



G,r.i * 5 Jons 


Slate 3 -Rfst^ <j<2.f rh, av*£ A» a . Mok ; ln s a ln fa - a i5Q.t 3 Bk/Ho 


m 4 * 




Q,V 


5 K>v\s 


Gv.-V't) (too44o-i5o.is)fthi 

Qi'y^X _ 10 I'aooj 

O'fi - ^ 


Zoo 6Va/ r* 4 ^ 


l \vY\ 

- 4,24fe> ibin^rx 


- "2.-704 lW 


C feZl/14 - ^0**7 3) 

U & - hi<2 TO VUdw * 
for 4ta Axrexb usyAojA' keat e^Uavv^r : § = rb z _ln 2 _+ rb^ U 8 -Cn'i+nne) 

U 5 V^a.U^-i- VW 8 U 8 . .104X^03 .^5H(4.24 (p &M». 

5 ~ Cv*z + "* (_'L.Z£>4 +- 4. Mb’) 'lb 

S W e4. p 3 = io (^(ii^^U^s^.bcteui/iio ^> Sjsi.an^ bhl/Ms-V 
T^- *40 -S 3 =t> 6^1 A b . 

\a^ = U^C - W*V»\cC w<1, M + ('no.feZ - b -1 - 7 3 8 .b SW/fc 

Sfaless.fcA.;? b s =l\fa & k n = i3o.t 3 ftMx/lb t U e - fc>2-l.i4 
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Problem 10-31 continued 


<AJ From iabk.A-\4€.i T t s -Z<5.(*0 , Tg = 3*7. 


CbJ 


W, 


! C U x - k| ^ 

c (2,204 -Afe.} 

v r*t\* 

“ 5.1 5 kp«„_ 


| to mm | 

I 1 kf» 

I <u 1 

fe-54 s eki/M 




fco 


= 5.^ k p 


(£> 


Q _ C.Q »V\,» + GiU,*.") 0 © + 5)-(tyyvs 

' CV\/ cl + W fca , ) (5.15+8.4") Up 


1*2000 6W/U 


I 4e>v> 


l kp 


254S BVu/l\ 


77>r g 


Wei 


Wcz 


- 5.03^_ 

|. I r\ eA-zi^ pnVvKWgs o-f +W SvVM* S*CifiV>t ^-Hie rde^Afvkj of 4ke 'jjorlov^ 

-ftuCJl wtLS omi'W W*- ce^f&^r 
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PROSLBK 10.32 


iKbJOUJhj ; ftefrujevfcLH-'t Hve. £\ajuA (V\ a. vapor- corwpre ss io>\. 

refVl^em-fi>K, Rustem un+A -huo eyofOrpjbrx. IMa, are. Jcaown 
a f various (©caftans, a+u( refWaerafn'i^ capacWg of eacA. 

6 <9 rater h ‘Sp&t'ifizJL. Tbe s^steM uses only ovicocnvy) re.ssor. 

FID ~ T)*At.rfn\Ae, C<K) He. W\o^s ■Ptoto fates 'Hurau^U ea.cA ev(^>oraforj 
(b) -+he powev wpafj olmJUc) -(te* keai -jnstusbe*- -frorvi 

-<W vtArigeva-u.t passing 4ArougU "jbc cA/teaser. 

SCHEMATIC, $ &WgJJ IMT/r- . 


-lfi"C~ 




6 

Shi- vo-po^ 


gu6mE.£^Mfr- , 5 , . , . 

l/loOSC*, CO EacU cow.port«.w> [4 as\oh\zeA 
as <x central vaUcwie at sbeadLn stete-.C2.i AH 
proce«e& ©b bU.€, ^oorlc-iAg ftuuJa o.V£ iwbevnaUj 
re^sUole ,e X cepf -for +M. e*£q,ft$io*. -HvrougU 
gacbv uAudk is a. -HM"(rtTltvig process. 

OJ TKe corv^ressar a^dl vaWes <9pera1e ^laloaficalLj 
(4) ICiueKc sutet |pote<A,bvM energy cffecte are 
^e$UgvMe. 

A^JAOfSfS Firs-Vj^uc ca-cU o>f +W. yrsV*tec. 

SV-ate- 3 ^-to V>ar t s**. Uau/trf. Vi 3 = l<95. Z<3 IcTilcg 
Stele. <4 TWrobtUAj process =t> V\^ = U 3 - f 0S.z?\cT/^ 

S-hxCeS ThrottWvvg process =v> V 15 -Uv*-& ios^ WYLg 
SteUe. fc, Tt=- ie>"c, ^sab-vapor =6* W b -x3fc.53 kT/k$ 

Sfate. 1 p^-3.Z.\>af 4 sat. vapor =£> V\-j»ZM6.ft»( 0 W3/’W^ 

5babe & TWoitUk^ process Vl$ = Vi-j *■ tH8.fcfc leT/ leg 

To-fv< 5 babes l av\JL %, t'fcaVvre.s VVe vnass floyo rates tWrou^Vv tUc 
evaporateO . iW^ 


or 


KVfL - 




(- 3 terns ) 


cu t - u 5 \ 


C23fe.'3^-I05.7#ib^ 


3-HU.TAyv VIA 

l Vo VS 


=• 4.8Z3 k.j /tvs v c 


Vfti 
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Problem 10-32 continued 




su . 
c w n - \\ H ) 


W CziQ 

- i05.2.^ ) 


2.94 3 


tv*m ^ 


^6 


Sjate [ NeWj far +Ue a<JU<*ttf*+ic. mix mo 6fr«.ft,*vs fo a^J. & 

Shne«-m l *. O *■ Yvi^Uu't' v*e,Ug — U t . Ttuxd 

k* 1 "S U « = Z.MI.I3 bT/k, 

t v - 1 

SuvKwpw & t tS fotA-iul U&lucj (iolthk. kirtfernotofurv- 

1 > TaloU A-I^k> be } S, * 0*493 tT/lc^-K. ’ 

SVctk, 2. p^cioWf , -3^-S, h t = 202.3 kT/k^ 

(b) The corwf r <tsor~ yower \,s 

W c - *-wi-e^C W - 



= 5.3Z/I ItW^____y^c. 

Par fke CorvAeuvsa^- 

Q,out ■ Cvn t + vO\ & )( K-jT^3^ 

* (T7£#fc)|-A^j (262-3-1(9S.Z-9) = Z2P11 kW^_ 
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PEOBceM to. 33 


KNOUJM 


Find: 


A'W id«a.{ v&f©r--exrrvY>trtfSstoA refn^emtum, cude is. moJU'fied. 

mcluAe ex. cou-nAerkoio h &a.f e .k gUoa*^< n~ -Uml aHiaa-w^ 

exi-hwg +Vii c.0wciifcuser oWi ci/operator . J a .% vwt, 

LjortcOiAg f 2&4<x a^e, t-aown a 4~ vctrloux loox+C&r^ caj^A 
vdt ^Ha .43 .p-lou) raM~ is jiv/AtA.. 

T»-o\e’rmme.cai -VW. re frig ©rod- 1*3 CA^acib) t a) the compressor 
power mpu*,<.c) the coefficient ©f performance. 


SCMSK/VTVC ft 6 vvsm DA-T7V I 



S &OH+- 




gMj&gE&lWc MQPfcL: 5«.r*e<Zs E*ump| € 
,0 >< j i+e*v»s /-*/. 4-1 soj a.s<gw»c ho heat 
lo^s from the outside of the Heat 
eiccJLociwejer. 

AkiAlV s 1 ^ *. Fifsi-j £fn eo.cU of Ht«- prmc.£ja| 
■States. 

p^-l>0 bcw t ■sckA- vr^ipo-r' 

=£>1^ = ivimi 



| 6 

t*o £><sir 

Scti. ^apar~ 

SVaA ^ 1 ,t;= s-*c =fc>w,« (mifWk, w/v^.fe 

Sttxie p t »l?b<wr J < 5 ^- 5 , =fc> W J_= ZO^.SH IcT/lcg 

Siftfe^s. p^lSW ,Tj = HO*C =!> Corwf.li^uU • V, 3 »U f CM0«c) = 

Sfc 4 e *f Usi'ng energy balance +Ua_ V\eat eKeWxajjev ccm+ro-l 
UcrvxJL 0 = VV\ (U fc -Ui^ t VV\ C K-J-U H ) 
err U H = h tj -U l vV\ 3 -= 2g( # .S'l WT/icg 
5UUe. 5 fKrtrttknj pr<?ce*sy =&. U s *^4 =■ ZSt.Sl tf/kg 
(<M Therefriger«.\-Us.g capacity is 

a >v -- *> < VM -C^( <*m. - ms) h«m.*i 

Cb) The coTTvpnessof- pouuer- is 

Vi,-- * (U x -U.l |1^L j( Uls .s, . ) U- [ii^. |= I08.S- kW 

CM Tk« co*-ffiU$*d °f p*cf ®*'hj ^ *(Hk-n^/Ch- l -U 1 ') a 2.05 *4 -J 3 

P/$cu* jitf . Q •. Tk« U<at exc-Uawoer O) ternls -ft) increase -Hie capacity , (2.) Welps 
ewsart Superheated vicpor e^HinVia tUe ooiHprtsso^ctHa (3) mcreases H\e 
AveVAgt spectre volurvie in -ftit coiM.pr«f oc } fU&re\)^ incfeaJmg "liie youier re^uiV«4. 


6{, 
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PR.0(3U£M (0.34 

feNPlOAJ 


FlKJP '. 


A n vdeo-l v’^^r-c/TYwpress ion. Weed: ^uu«p circle tcs.es Eefvi* enuot 13 H a. 
as. Ha. ujonciU^ fluid <maA $> r ovides cl)lhoujv\ aiAer^y output fo 
Irteaf cc bux(.(i'i\\q. Da-t<x are k*veuoi/\ cJr Wx-rlanS IocccTuxuls. 

Deform vW C<M Ut£ conynev&r j>ow &r ) lb) Coe^ic-ievot of 

p€rf?r*mctv\ca. , a/wAft) fHt Yna/juwiutvi. -HvaoreKc&l cocffCctewf erf 
^erfor mawet Ur & UflA.+ puna? ©pc^-hU a beWJejsk. Vesewoirs 
<Jif ^.o^c 5 "c., 1 T J 

r*- z^3vt. 


ScfcHS^AnC. ^ 6W5NJ DATA; 



15 kid 



gMaiMEEftiMG- MQpei. : See &<£xrepk JOJ 

yWAiystS - Firstj fix eack of fU«. pru\c.tpM 

Stores." 


State. 1 pj=i.q W, saf. vcywr =fc> ZMH.oq s^oazu kr/kg-K. 

&■«*«•2. p^«8 bav )St =S, =C> Z66.AT kT/kg 

^V(X.Ve-3 p 3 - 6 bo-tr , scd. li^u-ict => K 3 - ^3 .42- kl/kg 

Stale. 4 TkroHling process =£> Ui* *U-j — ^3.42. \c3"fU^ 

To ctc-fermivie Mta. cowvprectov - i f-Crvt f-Uxd Ha. mass flcxo r&Ae. -fttnvv. 
- vwf 


or 


Vi = 


G^ou-'t 

U^.- V 1-5 


0 5 WJ > 


1 WSls 


-o. 


(TzIiTj^T^iTflj ^ 1 ikw) 

S ’ W c - yvnCW-U.) = (.0*544^3 y2b8 ,°n -ZHM •©|~^ j 

- 2-\t(c W.W _ 

(b) The. toeffictWf of per for mane a. U 

r* %* »-rrrr -->.055 „_ 


Wc 


VJ< 


2.1 Z(e> 


Cc) For cl refers tbk. Weaf puM<p ©peeaf >Uo bekutevL reservoirs a.t 

TvJ, “ 3 Id <XwA lb - ntrlc 


rvui^ 


- tf.53. 


r [+ -r c 1 •*"•*■ 
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PROBLEM JO.35 


tCNpujis j; ^eCrvcjefaw't'VW. ujork^ $Iua 4, C* <x vofor- covk^^ss i#w» 
t»ea+ rtw-ntp 5 usbs.vw\ OM+-U. Icyi«lu V)ecL 4 \Ua copac'iKf. p«u a. re. 
kvtoyjrt (M- various. locaKoiVs. J 4 

^Wtvuvie <#0 +Ue. v*va*s -fWo rate, 6l -Hue. compressor t>ou*>*- 
(£> -Hie IsewWpk corner ss or eFficiencti, o*J,(d\ 4W coeffitieu* 

pf fMMr-torma.w.c^. J 


OCUB W 


&W&H) cwta : 

^ 1$£— 180 T 


T_= tCO 


> Qout = feo,000 Mu/H 


Jggjjjgffjd j T a =l?0 °P 


W/ Expansion 

/A\ valva 


r • * ^ 

Compreswr l<|= 


gMStivJEEfcihJG* JHop&i : See Example 10,3^ ft&YHs * 
l~*i j except five c<?r>tp^c£Gr efficiency unlca^ooon. 


r^TZ. -~ y i 

I E vd para tar 

-+ o*F L- 




It Vtfupxnr 


ftWA^V&[$ I Firs+j Hx, e>f+Vc principal g+ates* 

S±^J. T| = O^F, sa*. va*>or =$> lt l -»l.1S' 6+Wlb, ^ = 0.111^ 6W lb-*fc 
S± a=^ 3, ltWiV.,n^(80 ®f =$> |** = (33, ig bK^/tt 

— 1 3 P* lb4(it\t J r 3 - (to tig, £uo ) * 47 t 8ri 

4 TUmttU'wg froces-s =£> U H -U* - 41.£1 &\v-Hb 
(&) The. mats -Mato roJ^L V&, 

Qeiu* — 

Or- m = _A^±. _ Je. o i0°o ftW/U t l U , 

W-V\> 033 0 S- 47 .${ ) to | bo vvCia | * Uo/vaCa^_ yv\ 

(bl tW^ ■IrWi. coi^pnciseir power* \s. 

Wc" ^ (W"^i ) 

k SHsrfed -' 8 -™ V-_v|c 

(C) Tke co *a pressor cffibttucy is <u folio Los. FCr?+ } W^sewtoWt 

t^recsi^, p^wo tfeflfcft ,****, ={> = ai.«o GWlb. tW 

Vi - ^ I 33 ,X 8 - < 01 . 75 * . . . , 

& Vi t - U, A8.7S'- (Oi.i^ -0^5*2. 43 -——-~ c 

C4) 3ke totWVtiewf of p«rCof»<%n.ce. ii 

T - w^’^ 111 ___ 
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P«O0C£M 10.3k 

t^NfOioU : "Pali?. <xre. <^iWn ~fcr «. Vapcir-cort*p Pets i»k. ks«l pump 6*134*. as 

-Hie working -Wuwi. ~Hie rale of h®Al 4nzwisfe,r -I© o- dw4.lt i mj is 3f>ecifiec/. 

P'ttQP ■ ^e^ermiVve j -for I'sen+ropH a>m&n?c£i<m . i C^*Hte-Y£fW<se.r*u+ mass -Ac^ raie, 
C covwj'fewor powder iVW fO+W. cotff-ici^H of p&* ! fonMu*ce. 

-for »o,-i 5 . r 


<5S kW 


T 


/~\ 25- 

i/ 

f * 

i 

3 


( 

t 


3 / S fc>«.v \j/ 

h Y 

/ 11 \ 
l \ \ 

\ 

t 

( 

i 

V 

A 

I \ \ 

/ ^ I ,<p \ 

f 

t y 



\ 

4*- 



v{ 


iCO% 


S&i vc^>or 


EJ06 iQ£E-R 1F0&- ? 6ce exawvpk to A for 

< c ~ i°o^4> , 5^e JO. 3, Jfe.rn5 (-4 , -far \ A 75%♦ 

AfVAiVSiS : Fi'rst t 4 iX caxM of -^Ux principal s+et/es -far /] c = J 0 o%, 

5 fete [ fj-/.fe (par, saf./<*por =$► (\ 2 2*37-47 HX/fcg A - 0 . 4^5 

S+afeXb s. 8 S w a 5 , =£> li^ s - 2 -H,zZ kT/kg 

54a4<2-3 5 tar, Ceofc / jVtujt ^v 7 k ^ = 43,42. kJvTg 

^jctJe-f T'krotflmg yiTxass Ji<j.= hg-93,42. k-T/ig 

* \ 

(po UsiIaj -fta- ^wm vulixc. ®v Qdu+ 4t> m 


wv - 


Q&Uf 


35 kW 


l WT/C 


~vj 


r 0.(47 (*? 


(Ai«~^) Cz-ri .«- 43 . 42 .yS^' i 

(_b) The. c^i^»re's.sor po^er k 

W c - <oa47)(z.7 1 / 2 . 2 - 2 . 37 ,<,-?)-6. S 5 kw«_ 

Cc'i "rt\«- G&e-Cfici-ewfr ©f pwrforrvi«Mce -for-lie K^cf piArwp i£ 

jQou* 3 S 


YY\ 


C*| 4 =ioo%) 

Wc 


7* 


w. 


k.ss 


1 S.34. 


CJfc' 106 ^) 

y 


C^tocfe) 


for k) r s7s c /o • ^ a s ^CW^)A c s 2 - 37.47 + {vi I.Z 2 .- 2 , 37.1 i)/(p; 15) 

=: Z82.30 k-T (kg 
"35 

- 0.1B53 tc^ls 


W\ - 


(2,82.30-13.42) 

Vj^s v^CU t -U,) <0.10 S3)(z82.S0-2 37.97)= 

" 8 214 


We 


CV 75 ^) 


C\-ls%) 

TUe presence. of irreversilollifes n\9k 4 cow^fecis/" kv\cYeaS2s fto. iVvp^j* 

bvj over t-'sVo. 
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PROBLEM 10.37 


; A Vti^or-Compression hea+ puurwp uAUv. Re^Uerou^ n. os fUe 
work.vug fLui<A ts +o be UseW fo provtoU j -z. fciO 4 © V\e»ut ec 

Ufiuse -to o-n ms We fe^er^We of 2,o°c ioWe<\ 4W ©M&ute 

kwjWvW is 5*0. 

Fj_wd . Specify (fy-y^om-fov cxvW ccryvfe^^c-r pre&iu/res qj*Jl cL^XcuiAjte 
(<*) VU*. M.6-SS flow rafe. j CM the Oo'nfpcessor pouict^ ttvC. 

cocffic.ve.wA' nrf oerfoY-tviAyiA/-*- * fhsWc 

2o®c- 


co?fficvc.wA’ ef perfbirTVwmcc . 
schematic ^ &>V£*J pat?* : 



(2 U.uJ 


20 e C 
^S°C 


f 

C<?fi<tenser H 

j:l 




*-i2 


yy/ tipansjQ^ 
/£\ ' J,vt 



5 <* f» 

ou.tM4< 


£<Jgi >J££%1 AJG- MQD&t^ I See Exovmole / 0.3 }ltn$ 

J-4. 

AfrJAcVStSt The evaporajWr - ouwW CovuAewseir 
pressure* rwu-sf be ckoseM fo allow -Poy* 
suf+u/iewf 6r'& +o (woul excessive. Vicj»ot 
ewcUAM^er s 12 .es ( swr-Paee area.). For oc 

preUvK'viAOrtj tAes.Cojm, Atsutwe. 

-^ T evo-p - lo® c. -P t, = -5°c 

fcox4. -H-bfl/r Cr SAt - 30.25 *c) 

leV V\ c ^ So*fo f©n "Hvl yujrpose ©f 44 vJLa . OJ vHa, fUeifc 

Sp e c if (c o.+L ota. s 

Sk4e l Vi,-2Hft.ftT , s,sO/m5 

Sj^HZ- ~ ZT3-01 IcT/fc^ 2-n.ofe 

SMe, 3 W^-'Si^o icT/U.g ($a4. li ^-at t2.bev ") 

SHAe. *f -U-j - 6-1 -^10 IcT/b^) 




. _ «o«* c 12 Rw) ,.| T /,,.,., , 

** ""'aj.-W-i ~(t-n.o(p- ?u<*o I IUW \\ t ^\ = * ,bS2, d?; 


^ VJ t - vbCV\T.-^i) - (3.fe.5z) |bo| ~ 2.H©.©2_ ) =■ 

CM -x* . (&•*.+ _ rz. _ . __ 

V' -“784 - (< '- S2 ‘ 

' DiiC^ssiovA. these. Values are nreUrw vw^ru esf v^Act+es. Xw prac-Kce > 
O+Kcv* HXvors jSU.ob. a.S tCwonucs^ uoovcW pleat aw {rw/porhuot role*n\-hve. 
A«kp\ (process. J 
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?aO<bU=M (o. 3 & 


KMOuJm: RecemsUer 4W- Cucle of problem u^e. Ee4Vwe^aw+ 

a 5 -fbfc- lUOrlcing -flcciet. 

Eli^O’. Answer +b«- 5ame. ^ueshiot^s a& in ProUem lo.zb an^ Com Poire 

Kfcscdi* coiUa -fkose of Problem /o, 3/». 

_^_ 6-H/5M Da-tA". 


€Ngmeg.»g)AJG MODfei : SecEx<\vnple »o .3 , i|«.vh.sI- 4 . 

At/Va-Ia/S t £■ : a- jjretikw iVtary c(e£i^ n j u/e 

w^e similar- canscdcra-Kcn^ 70 4lb%&- 
Problem /o,37. TkaSj /efc 

~ /O C = »S Ti ~ ~5'*C 

PcohX » 7 W ( Tsaf = Zfo.TZ^c) 

Arl^j Jef* He, “ 8 0<> ^o - UJi-H\ -these- Sf?eoi£ ic-ai~L^y\3 

^t&k* L h,* 244,3/ j S ( =.?2I45 k^/lug-K. 

h„ 5 Zfrk .06 W/J^ =S> Uj, = 27(.So kT/kg 
Sffr4e3. h 3 = 56.78 

$fafe ,4 ia^ = U 3 »gfc .7 8 kJ"/^ 

ClZ kW) 



<A> 


&0K.t 


Yn 


I l&te 

. bo s 

1 k w 

l >vvvl\ 


W x -k 3 ~ c nwso - Bbn&'y 
<A) V/ c - *» CV» X -U,^ = ( 3„D)|£| 12-1/.so- 24*1.30 =: 1.77 kW 


“ 3,7 0 k^/m'iw 


(50 Q-ow-t in 

* -TJT ’ It, = fo -' 78 


T{ie performance. of- -Hul two cycles cuMtz coir^flAaMje, in-fe'trHi of yi^ 
VJc.jAvicC 3f The on Uj significant difference. Is tVe Somewhat higher 
©pero.t\n0 pr«rsswr«s of fW R-22. ccjcle.. 
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PROBLEM jo. 3<\ 

kNQLuO 


BMP' . 


; A Refriaeranf ^Vu^or-^ompnes-uou. heat pu.mp U proposed 
ft? devrcTop pi'ocess Vieat at ck specified vote. and. fcrnipcmKAvt 
from a. wa-Ae uj afer stream at a. Ic^oum te^^erafiMie.. 

Specify ev/uporafar and ccmdevtscr - presides ea.lcw.fafe 

<co fkevv\A.9S flaw rafe t cb) ffe Compressor pooler, A*td(c) ffe 
coefficient ©f performance. process 

ScUeMMlC- ^ GOVEJO 3>AfrAr *• 

SO|0O0 




gkiGf useu aJo MQPS4 : See Example, jo. 3, iferns i -4. 

AwiUWSiS ; TV\«- evaporator and eandens**- pressures 
whjlsV be eUoseM. 4o altoio for sufficient 6r's to 
a'/oid. excessive heat e*cWn«jer 5iz.es (surface, 
area). For a. prel iVu iiAflury dcsi^ajassum-a 

Tw^f*** 0 ^ T7=«W' F 

FcwJ. =HOOW^ l,t “^ T5«fc= 

Also let Bo'fo for -We purpose ©F fWu uvudcjsvi . \OiUv ffese 

specif leaf Oav\s 

UUW 8 R //6 ; s,= O.XiSS 

5ai :S, t» iS •= avn.B V* h » s ‘'I* = &M.H1 B ^ tb 


(aj 


VW — 


S te*g . V 

State 2. 
-State 3 

Stete. 4 

<iou* 


h 3 ^ So. (,4 

- S0.U4 KIW/i 

J’OjDOO 


(f O VA S'A 

\ V\ 


~ ( 12-H. c n - SO, bn) Ijw/lb 

(Jb) W c - m {k^W ,) = (4.®**‘ ^ wH ^ ^ 


cH,OT,^Yl0 4 ^ 


t U P 


zs<<S($Wi> 


-l 30 .Slp 




go,o°^ a fcJI‘^l _a 0 , 

iS.O-SU^VoH ik) ( £.*,)) ’3JS- 


(M ^ - _4^ , 

Wc, s vv/\ *•'■'■»/ fb 

T>i3 cu «, siVv\ •. Tkcicje ©f beat pumps produce process from waste streams 

can enViance overall &ner«ij resource, use inaplaat. Wow ever, 0 -ff.er fo^sfocs swcKef 
economics yj«igWv heavify m decisions fo ccfilite SucU fecUrti^ues . 
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'PROBLEM 10-40 

HjnJouJk). *• Kefrigertw^: I 3 M« is V&e. ujoV'U.v'ia^ f-luXd. lia a. vc^po f- Compression 
h^tU* j>u.»vvp d riV^rt by cl pocoetf"" c-wcLe.. Opev-(L^iV\q <kcJco~ <xi'-e- 
Sftac'i +t«.<A -for fUe, WcA-t pu-vu^j Ctwil power- cycie. 

FiNO.'. Tia-ternruVve caj VUfl. be** compyfetsor power cwJl O) +k*. rwK© 
of Hie +oW*A reie ke»-t w- delivered. +W Ue*xW space to+U.e 

rute of kec*.+ mpufr fo fVt poujoc 'ptyowJ^?- ^ 

^ f Wa.tedT~ 


SCttEM/VnC j fcWS* J bArA - 


54-oc 



Fuel 
corn's u>tio^ 


<5ow,i ” 5f)0 


■tot— /—■V 



eHifelQgERlklG- tAQlSEL 1 . See E*o.w\p) t 10.3 ^ite/ns I -4. 

Awaivsis -, Fir-sV. Ctx eoxU sW<- of- fW W*> p art ^ cycle. 

\ T l --vo“t > s«t.-vt^x>r -=^> l\ ( ^. tM 1.^,4 IcT/Lj, 

S, = 

S^g- Z For i 5 et 44 rep*LC ajr^fre^ler^, J p^ = /© b<*v , s H = s, =$>k ls = 2 -r/.t ,3 kT/ly 

x c - ~ 7 ^; ^ ^ ^ 201-^5 kT/U 0 

5 to-+e 3 fj-'l.b bew , TjOH'C =t> Cerwp.h‘«. J h 3 ^ ( 3 << “c.) = <H *>1 jcT/l^ 

5fo*-~t^ 4 TUro+Hiprocess ~ f»3 =. 0T-3 i t<;3~/kg 

(<i} Tke Witts -f&tO v«Ae ©£ refri^erewt is 

(Sietd.i ( 5oo IcT/vxiks.) 


tv\ = 


11 vvina 


- D. 0 HH 81 Wgfs 


W t -b3 ( 28 l.^s - ^1-31 )b3"/v^ l&o s 
XW. toiupteyiof power beow^eo 

\j c ^ VVi(Vl^- V,) z^.OMHe'i^.’y 28Z. c l$-2Hl ?> , -t ) !^ |J_^L| 


- I AM Uw. 


w<* 


Qol for -fixe, (power V\=0.2S. Wi+i*. Wp owe v = W = l.stf t-uJ 

, jyl, __ ^ **> 




Vl 


"t^e boM luodr V'-cJcch’J. U, Q re \ =. I.HTtkW- l.&fog k<*/ = S.fccXf IcUj 
^220 , — 4. U^J 

Fx v\alty t Q.ou.tji + GLou+jZ. _ (^5©o/fco") -(- H. WJ3 


ai, 


ia -u 


4. H*72~ 




Cb) 


' Pv^SS . ig^ - TVie evt^vw-driven keat pu»vp delivers vwore ewe^u 
S(j>ece-H vom coal d be obf^-tued bij bwv'KWvj -pta fc»-e| ctiT^d-Uj* 


+e 4Ue Uecofctl 
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PRo'BlEM lo.'fi 

cU+ov cu'e ^ </«^,e,r Cc^jj.'e^ J-W** 

P l "“-|> R-*3^«. +K* [jLiy^fci n.j -f- £ . 

P/'VJ t>- tJ e 4 »^>«jUi^a. t*k) -+ ^ Co m. j'w* tio/* c*< J a.*.4 C^J 

+U -* V 1 Cc) ?9rfo f ^ ^ _*Y*va a 

G^tv-|Ujj^r pou^e^ /rtptj. 

scm>iAT(c ic^tKj ^atw 





S'ta+c 

HCB-f b{lb) 

stsi^/1 *-or) 

1 

toa.Hv 

0.7-1.02 

i 

119.78 

G.T-V4 l 

3 

HI. 47 

0, 06(*1 

4. 

4a.41 

G.04S8 


h*. 


&~r f &t S4-c*dC * 2, J^f-hX £1^4 pe4c*h#-A. c* 

f'l^vow^U, Co w^ e kif-e r„ Z* 1 ^ -k* ^a,ki f *#v\ <£lc-+^qj$ f- 

w )^o t-t sf * 4.75 - 4ftO fl /^ 

^ ^ r r fc j f\ 'jc prt *^cju-jr?#-A ak i. o *o +p-C j* - 4 . 

tltfvW- ^ +^t?le &^h 5 

S-Mx i = ft * iSlbf/.V^T; s- 0 "F> ~r^bU iZB ^iVer 02.41 s, = O.^oji 

shx^-’ fv^luD i*f/<A U-ffco"/^ 7 ^ju A-fiG H l = u<ue fiV^V** o.ivu r^ ~ 
Ai», SijiS, =^r htr= 114.HI 8b./lb tb-c/z. 

Skk]_: h 3 = K 4 (^°F) - atyfbj Sj-ZfL 95 *i*) *- OjO&»“1 6 h-ftb ■ <X 

T^t*. A -/06 T 

SWfc.'t-: 41.4? Olw7fc 

^> ^ - 41.47~1.H0 _ . _ , B4u. 

4 ' ~^5arj—^s 4 ~o,oni+-o^so[o,it4^“0.c>nt;]-o.o^ssr -jp^r 

ftj -rw t*«»4vvf?i'L. t-a^-fu-tuer *^jpu*,n ty Ct 

H t -- ^i±i. -. IW 1 - , ^-.^- s0 .80M (fe.»(7.\ -- 

(>•) Ttse e-a-c.-ff<U<A.V o{ lv^la. h C^J 


Y- Qouji - ^Chv"^^^- 1^3j , — ^ 

Q ’ Wc ‘uf tk^^k.r tXl.1«-L«>a.M-L f 


) “TUj covv-^^sjer ujorlt p L- *^ r w ^ 

21^ BK/a 

Continued on next slide 
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Problem 10-41 continued 


O 


TU-i AjJtio 
CO. 

* Co 


hue + 7 * 0*1 C**V-j*^ W *>" £ '*' vt * V*l 


cLq^ fy^c +fo* */W" ^-*1^ 

Ed =. % cr e/ . -t^j- ii; 


(H 


(EVm)c^ -- TS^-5.)' M.U6K//4 


Va^«- 


l:ei/~W-- ■» rs,.s 1 )-('‘*>"i'-Xo-o«*-< ) ' OS1 '' 7 !^=' ,rl eW/t 

T*\* ■ euw^j* *U «K«^ «• + *- «.«.«.+ (•‘W 

4^V€. C t/fl-jK-o r*^4w is} 
l = H i - ^ ^ 

Tk, ^ fW ^V4LTJ^ ^ 

CcM 4 4^V^ U-7 

e n - e $ v ^ S- ■ ts ts j-nj 

r (S2,m - 1^.18) -4?0 (0,08(pl -G.TVu) =■ - 14,1C ft-kk/lb 






* 6 ‘* f va- '"»"*'* 

v*QrK. 


rut* 

u> 


v&lve. 


'D* * J^OS,-^Cftrt ^ <^C■* ryj \*\pu*iz 

M.ll fcWflb (.<5.4%) 

H.3T BW/lb CU**° VO 

^ UK , fc ( ,o.8V.) 
M.1U Qk /(b {S\*%) 
ai, y* uw ib 


fVtfVTT* 

Co*dr+*Kir 


iKf ftiM-v-V Ht L i Hf*-* C*bw-yt^j»Srr At* 4 jrt-M>Ci,J7 

T^* Co*—y-^Sfnr € V <sm ft <Loatcj b m w^lvm h c^ 

oov-T-^Stv^ U*ws^ *- UjU- ,if * M^we *-f^'(_;*H ^ f>U<i 

ljV*r4 (*}. C Ltfwrv^'c_ J L^< ChP^ K* 

Crivw.’ j Uo uU ■ 


1‘ Stftu -K-J-J: i l-^q Ub»#r|C C -p<Lou^ u> *r|c^ a»*d i«4^ * l i'r|f 

(|k/CJd/f c-e Efc. *h\ f ^ ^ * w e-y -e y -v-j rfr\* t ^* r r« fvt'ijr -♦rA**f‘ 

^ CV#_^/fchnr^ akd 

^ . Si^ct E«j«.4 k^t^-v occctrt k4 “T<l7^ ^ +c— c ft>- rf*_f^ ^ 

Kt*f h'^Kj^v: Js. *y«Ate. «"■ + 1 - 

C^4 H / ^ K ** J-V ,a, ^ r V L 1 tv'lfr S '^^v' 0-^Jt. k%' d^VvA. r^ ^ ^U r^cfl 'ca* : 

ij Vtwv il Kt*J0a <i 


(€ * 
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FliOQUEM 10.42 


k-MdoJM : DaU cw-c provided -for 0 - £}ec4l\eYwal UxU pi*, tup prcwidikfj enewij -fe. Korf 

O. Vxoa-sc. lh& boofi'*^ C£>OOjCCfu is I^YlCtOn, tt/ud fl«e. UJ 9 irt>Wj flulfif i& £-2.2, 
FiMD •. pAk-Wdne. C^+k&NjaUcmAnt-FlovO rale of <*i^ f=> k^af fVe koa*e, £ b)-H*€. 
iSO^ropU; iio^p r essijrc-tf icie-vwu) (c^ffe. <-*>>w>re<ia<- P&^»Je*o Cd) -H*e. 
OCOWr-'Oi**** ^ pCrfof vyiftHCfl oMmC C*-) “Ike, <iud/r^AwA of uJi*f&v- -ffowi fk 
W^U.S. l Pjudo/‘W\ £L-tu.W £y f' v ?1 OJtC'OU.nU i 1^(3 6f fW COLCV) VC 1 

d>fluJ(?jr , j.nij+ ai. h Jo .\nco /I*. Ji Q.\to\lLn*e? /iJ *£>,■ J /*. M .,.. 


fkc. 

qCo^i\WtWL,l W4U.S. cl -tu.W tua of -|W COLtVlVefVDr'’ 

fo^vr iK^wi <*^Jl dewise ouAzvaULaAe or solo *4, tiureffioww . 
SCHEMATIC $ <i>LV£Aj -piyrA ^ ^ 

14o p F 



Return airHSJSBWHHHS 

from h,,^. EHBBA&BB& 


7Q« h 


^ =c iBO lbl/in * + 3 

7j»W-F 


v'~ > ••• ■;• 


Healed si ( 

* ohw * h 

c^ittrr r * 1 t 3 


IK, 


2“ 


f 

y Exp ansign 
A vai vc 


Condense 
Condenser 


Pi = JSCJ lbf/in." 
T 2 = 340 C F 


= 7ft Ibfrin 2 T 1 * 



40°F 


T o z 70 °F 
S s. 460°ft 


. 

Evaporator 

i 





jjmnfin 


- r i 1 


Pl = 701bf/in J 

r. » 40*h 


Water 
discha(£ed 
at 45'F 


Water from 
geoilwmial wells 
cmert ai S.VF 


euCnOEEgiMfr MoftS-L : See. Example 103 } 'items t-f ; 6*cfcp4 4V. ujrvpfirt&or 
ilfioievicij is ac+ tpex-tf ieJl./USOjAsv^rvA+ktavr beWcs ttscLM uoi+U c f>' 0 ' 2 ^^' 

A-nAL^SIS : FifsVj fix dU ef fUe. principal sWes in 4k«. R-ZZ a^cU_. 

p^to tioMm^/v^oV =t> U,s loq.oi ftki/Us^, - o,w.s4 fiWlb'ie 
t- fy-1 eo lU Im * T t - KD° F ^ W U-z. v\ Ste / lb } s i= D.ZZ4<i &MV It). °£ 
SfcJtzS L&o IWH.W, Tj= "75°F COrvipreused . lVw4 

31.1 6 . bW/lb.S,^ „ - O-Ofefel &nl Uj-°/S 

SM€4 TKrottUnj process -U 5 ’3 l.^q 6 ka/\ 1>. Als^ y - oi4S51 *a^ 

S^a©.0t7fcb &W./lV°fc 

Hsvaj 4Ua, ^we/w v«5jujl if Qowf 4o> ^*4- vvi^y 


m 


6l^a^- 


avr 


C^c 


Oeu^ 


4.Z 4ov>s 


~ T *"W' o ^CM0-i6)efi/u, 
Tbe Yolu,*v\efnc.'fLo\ 4 ) ra^e tif 4W«,dvr cMw&yeJl is “ lio/roiA 
(Avr) r - Yv\, ir s ^air fi-'Touj- 


zoo BiWy* 


VM 


J W>V 




w\ . ir s w #t' 

cur£Ur “ 

out F 


r)(57o°£) 

i ft*- 


i44 m 1 - 


^ 1257 it’^ 


mm 


K-l Miv£ 

(to) p t =s -160 lb+Ui^*S y => - tl*i,4fc> 0 in./llo .itu.ujYvpi"<f*50r isen+nsprc 


<4 -'' ci ^:? k vs -u, lord 


n 


t- iZ2.ii - (04.0*7 




ik 
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Problem 10-42 continued 

(c) T^«. cojhe i<& 

yyv i _ ^.Hoyvs _ 

K^Vv^ (i2.-2.it -31.79 
A^ fkjLcewpte^oc foyitof lA 


- 2.fife 


2.00 &HA/ rvuV\ 


+OYV 


nni*\ 


| b o rWi* | 

1 < bp 1 

1 1 h 1 

|£-$4*iwM 


Wc 


(d) Ttu- CAcfUc-iWi" ef p&Kdnrwv.av.ce. is 
^ (Sou* 


W, 


^,2 -Iws 

(ZeooiStWbl 

1 kp 

2 

l +em j 

liluiU 


■<*AZ*r 


CclfoM- +Ue e^porakjr : 0* Ift^U.U^w <k*-W)u> 

Wi%U =• Gjj M y OmJI C w =• l QHji/lb^e , We. £a* 

r . (^.3 ^/WA)()oq.0T-3l.iq>&Wtk _ 7| g-p jt. 

C«,CTi w -TwrU (.OC 55 ftVw.Ab 

MoKiv^ 4V«- ^ = 0.0 IfcOZ 4+ 1 / ib ^ -Hu. Volu.rt'C.^T'lo '(-tOW fdte, Cfr vuatc/r U 


1 9fd 


0.133t8 -ft 3 


Gr), 


(A\r) = ^oj^r -0*-8i-^Vti.t>iboz-t±. J ) 

~ gfci/vwm 

frxgrg j AccouwKVyg 

Po'UftY-JApW t- : W 0 a(^.^)( t zz.u-to<i.0l') = 12-1.27 Sk^/ivsCn 
g^afg^X^^uct'-fv'ofw vjH\ ^ootar : (e^. 6^^)^ 

(%&“ ^4-o** ^va = l ( U^'^o^Avo " "^tSvA-" S©mA 4 Mw) 

5 WvwL- T.[ <*>§*,)..- es^) u 1 ^ 

-{ou 55-45) ~(«e>o)(0 (71-67) -42.ZS feto/mVi 

^ZjvW^UQn£ ( Hi.'vij Bfc. e>./3-fcr to Q**r) 

-BvyoroAorx & = ^rCS^-SO + *** ( +< STcv) 6VAf> 

^JevtofT T *^ tr «)e« v ‘ Tojvn^CS^so 4- m w c*, ] 

-U6t»]jl < l.3K0.llS4-0.Otf7WW^Lai^^^S'j] =27 .ti ^ 

. Cov^re^or: {Z d \~- T p m(S^ =$®o)CUYo/ 2 L<Vl. 0 . Z2S ^ 

- Zo.o<) Bkt/lb 

* : °; + ^w^Jov « 5 K£Li 44 

T °W w ~- t o[*r<V s ») **a*vv ) fcV ] 

= 6 e °) fa 3)(o .Ott l - 0 t Vl*fr ) +(81.5)ft.t4\ ] 1171 &W/ 


WrJ. 


m\'n 
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Problem 10-42 continued 

• NfaWe: o(g*) - T.Cjv,) 




YuWt 

* (400’UVa'KQ.Ofc-jUU - O.oWl^ - b% 'bU*/vwi ( A 
^weve4 -fe ^ A)^ 

£h*+ ^ A<V ouA" ^iin “'To (Soi^ "SiViJftVr] 

5 -t.O - c^){^ CK^\ ^ ] 

<87.5) [co.z4Xiio-lo)-«8bXt>.W)5^<|I°) ] -tob.^i BU./*^ 


m .zi e>ki»wCn 
42.2S 


6 ACry^ 

CCOmikffi 


^_ Accou-^tWj 


SuYVN^a^ 

^owy^rtf^sor’ 

SAKxpof^or- 
Total 

' ^g^rux-'VttfnS 

S'jo^rco^r 

Os^*^-ce\%o-r 

C &>ut I1 '*S2* r ' 

V(x\\/£ 

Suft-TWAt, 

Ovxfr^ud 

b^Afei-Ve^ (xvf _ 

TOTAL 14 3.SU 

The q£ e/-G-Yijvv it 4W +naMsfev r y^. taaied avr. TVi it-pu^ - 

*M\x+ We pa^4«t"U4^ Onra-pre^Or ^>twev. “vUmxi 

<r - Ou^-ioWUt^- _ toG.5^ „ t*W_ph* 

c. — — ^. ■ - -■—~ - 0.81*} . eM-ioe**m 

(p&weAr 12-1,2.7 - - 


43. Sz S^/wtiw 

in.i i bWlv'Mvi 
20.0<i 
t-.'z.t 
b.filt 


5u.°n ©vulwiiu, 

l 0 fc .5*} 0Vu/ W.M 
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Problem to. 43 

fcfJQUJKj : Mr i-S 4-U^ ujo rlcvUg -P-Wd ha cu\ idUal BraxjWm ref viaerecfVow 

c^jclfc. DperahUg ox-e, Specified, 

tiMfe'* Dcfer<vu'yve (<U -fU.fi. !A*f ujorU. inpufr^ yeruwX+ m&.« of air fiow. 

Ct) fW refrVge ro.fi <Lop*.cVfy , p-ev u»dt -**&$% of cur flou^Cc) -Hie 

coc f f it icu.+ of p^rformatwct omA(A) fUi coefficient ef^rtofmomct; 


T* - 3lO 


SoHBMAtic ^ fcWSK) SAtA; 




J5tt6mEgfi.UJ(r IHOpfeL', 5fiC £*a.rtvp (e / 0 A . 

Ak>AlVS^ ; FvrsV, fix eatU of VW. priviclp*A 5-fc<fesfr&l>lc A- 2zi 
SMfc t Tj^ZTOK W t « HO-U tcl/kg p ri * 6fl5<fO 

3 . ^ 2 . - Pr, Cpt/P^ ^ 2.877 *$> U z “ 310.10 UT ( Wg 

^kfe .3 T 3 = 310 k: =£>■ Vi 3 =. 3 t 0 ( z .4 IcT/V^ , fv 3 =• 1 . 554 ^ 

^-b-fe4; p rH =. p r5 (’i s o.5igz =4?- U 4 - tz^.zs W^( fg 
Qfl) tW vxef- VAiorle- is 


w 


Cd^cU 

vft 


5 - (W~M 


= (310.10-LlO.ll')-C 310.Z4 - iTt.zs') ^ 

= llo.O UT/tcg < _ 

(b) TUe refri^ertvhrt^ capacity ’li. 

=. tio.U - ZZtc.ZS - H3.St> UT/Lg 

C.O iVut. toeff fcitu^ of cwrfi^rvvUAiAce. \s 

- &i>v ( nX 


Wct,^/^ 




= 2 .T 4 - 


^OjcU- ( wX 

(dj For a. reversVUe. ujcJLe uiifU. Tc. a ZiOk- > T* - &*Ole 
Tc. __ ZIP _ . 

Th 'Tt ” 310 -no " g>15 -4——- 


ft — 


ft”** 
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problem io>*h 


'• TK«. Ccteal 6rtuy-f^>\ refri^eifrtKcv. o-jc(e probte-t^ loA 3 ■« 
rwocU4i«J -fo i,'ac\\aA*. comj)(ie«or om^I AurloiUe efficieVtcta 
60 ovhA S8 fl / 5| $p«.c4w«Uj, 

EU^L* IVe+enmita, (<o 4k«. coerf iciivJ ©4 jperfonrwnce (xv-JUb) 

de'/Uop am eoc e<^. accowiA^-u» nt+ t-uorK I'rtpi^-, 


5tU-eM\Ttc j| &UT5AJ data : 


eu6ttj seams. ty\ox>ei ; Evonv^ai* 
(O.fe. A^O i (e+ To * 3IOK. 



AMM-VitS ’. FirS'f, 4-iX of H»C principal tbytes CTablt A - 22). 

Froivi AUc, soliA.-Kcrv. 4 o fV»b\av, io.43; K,* iio.it RtI^, 3io.to WrfU, 

*\o.v+ UTlVcg , W** » Zzb.rs ni W-j. ^ 

2. Usiitg ccYKp*v«or e-fticieinc^ t 

v '- e - s h £t: ^ k* ) » ^., 


SKJ-c 4 4\c. Kvbime- efficiency , 

H.'t ~ ~Vi^»~ ^ “ 23b.3 \tjll ty 

(A) tUc. cOefficve**^ of- p*f 4^>r (vtCvVlte. i5 

„ _ 6tu /**% <M v - Vh > _ „ y , * 

(i) ~ ' ► t "— ■ -■■■"■■■' ' ■ — & r -fl ■■■ 

\ (U.^-bO - {WyUw} 


(3 


Cb) TJit y ^■&s4ru.cf^vy yv^-Joc 4Vc. c«v*pfcssor U 

(£j/*V T* - To [ Cs° v - - K P*/p.1 

Eroim Ttifele. A-Zt j s" - a*JL 5£ = 1.15005. Tkus 

C.Ea/*) c *( 510^ [p.4'll 0 3 -i.'SAbS'O jLu.C3^3 

* X0-1-! fcJ/Vj „ - -(g^ 

Similarly, for fke Wbiiie ,uivVU S° =• LT3448 S ^ = l.4i>2 3~| 

(£*/*}**■ t 0 [Cs® p ^pO 

- <Mo) [(\.4Wt-l.T5N*r^ ^ 

— 11.2.3 WT(^------ (£j/4i 
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Problem 10-44 continued 


TVie # r j ^ S Aik pA,ST'«i' +^-rB^jk f ^ 

© e*»-e4ta.<ki-u fc V T#ti: *’' ,J ■ 5 '^>- t ’0 " To "**■ ) 

= (3foai| - 395.1)- -if® f I-T»V1f- MT70J) * -1.83^1*3 


l tMti - Ck#w^ C'&Vr^tu a-^ ^ 

Ke«*U J ■’ 


‘3~ 


■V P*JS«-J + k - -(tu*j***-* 4^-rc 

£fi _ <2^ - Chi-K* -s 

(_2-5B.ll -2.?t.3)- 3/o( '• ritW - 1-VfeZ J?) - - 7--+Z. <: - 


~n^-» 1^0.4 LOor-fc vjjf 14 

w««t/^ * CH|.-U ( ) - C -kt) 

= (3‘!5.|_2? e ,.Jl'J-0<O.W -t,j£..r) -- s/.o-r 


k** r h ' 


* KJt4 

oo o-r \<- 

Sl.oS V^ltJ 


, DiS^wb i*\ tfl +&“*- 
&i--+r Y"\ u-J p iJLfr 



</ t+^ 

f.83 t3 

71L til FJ 

(r?.3‘ , /„) 
('=■< %; 

- ^ tyv/ch*vk 

i/ Co*^xi 

X0. 27 

l^.zl S3/t5 
5/,05 ^^311=3 

(3^.7 7,J 
%) 


To 4Uvit Cfc^-C. J 4w*-H^rcK e>t-G>r^uj u> 

^ dtUiv<^ <*s. f-fciVl (A^ieSt AJa-gV. -j AVv-J 

Jtrfatt ^ac yjuu^fd G<*j -fk< Cot^'U^vU* pA r ft**' CJL . 


| t Pov* VWa. Wkt-F *4 Ujprt (.o^jco-nt' -£-tr—~ 

-I'Koa ww-Wa* 4 j rr »v 4rtl ^^^ c ^ ( p^-iiU/e t-a cemi fa* t). T / * | 

facxi r jid? i^ ji^xc^n kja_^t c + 


<-t_j orfc ) * Al J ^ 
+*■ to I 4 Ux fo f w 


u fe 


0 ^ £<^ - ^V^cv -4 ■** C e -f ,*■* ” e -f, * ** } S&A 

^ Me-s,*-* -e«.,;«) - . Ti^-j-« ) +v^ c . u ^-y « -m u 

»yHryi At<uwwi»K*—* -tven^ t f*!' F* r +*“ ^ r '- v ~~ ^**”4 * vfc 

k*-a ^TL^V —^ »«=^f ^^' tn4 

- U^X^fU -h +^ V«.«rfv- : fr^w. *■«- IS +Uj> ' “ fl i. 

^tu^yv-, KiAi. *r«.tfr »« d fT '* W ^ 

^ ^u_» <U/»<Kwv\ '. W +U»«.V -f^. u<*»-kv> rj«»(« . 


ftr tki 
cXff t 
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pRD0te/A /o,4s 


Tta dcv^A -for p/off <a/<L 

IT Code 

T1 =270 UK 
pi -100 U kPa 
rp - 3 

13 = 310 UK 
eta_t - 1 
eta_c = 1 

mdot = 1 U Assume a unit mass 
// flow rate of 1 kg/s, 

hi - h_TC'Air Jl h Tl) 
si = sJiPfAif.hl^l) 
s2s = si 
p2 = rp * pi 

s 2 s = sJiPfAir, h2s< p2) 
h2 = Ml + (h2s- hi) / eta_c 
h3 = h^TfAir T3) 
p3 = p2 

s3 3 sJPf Air p h3,p3) 
s4s = S3 
P4 = pi 

s4s = s hPCAir,h4s fP 4) 
h4 = h3 - (h3 - h4s) * etaj 


tfSftAg IT, ^oliovot : 

Wdotcyde / mdot = Wdote / mdot * Wdott / mdot 
Wdott/mdot = (h3“h4) 

Wdolc/mcfat = (Ji2 - hi ) 

Qdotin / mdot = (hi - h4) 

beta = (hi - h4) / ((h2 - hi) - (h3 - h4)) 


IT Results for p z /p : = 3 and 

Tin = t> - 10Q% 

hi 269.9 kJ/kg 
h2 369.9 KJ/kg 
h3 310.1 kJ/kg 
h4 226.2 kJ/kg 

w /m = 100 kJ/kg 
c 

W /m = 83.83 kJ/kg 

W , /rh = 16.13 kJ/kg 
cycle 

Q /m = 43.73 kJ/kg 
p = 2.711 


P/.075 : 




^1- 



' D/smsitav. . 

* Cov*^r-tf$or' fittrtiMe. 'l fr«V6Y'S ib*i It fu 
decree.!*. H-e. Op&t^kj t l\crea.se 

wov|c ikjivuf +t> -me A? a. 

Cd&mue^ct 1 P-f tlccrcwtS 

W 

. XiAcr-ws-si hj «rNwiiftfssor pfeoure VaK& 
ii*crecci«S ca^axUm b^f £cl$c> ~H«.e vw!<- 

mpyct. TUa- (otfficievd" ot p£r{of irvuiUxfi 

cl ivicw^t'-u'A avut decytAses 

ljiVU Vk tre^S iiAj pr*^w.ve nxHt>. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






PRoglCM /o.46 

KM 0 U//X .- A-ir ■ *, fl-JL Pwd wi a« Kr*.yb>* r*{ri'i*r+-b^ Cyc/f. 

Optre d*.4-c_ q.«n d rt fv>'} er ». t*''j ffc^yatt'Kj At't Sy»f CA’ft't d . 

F/ MO • f**sA w© ( A ) ■)* M Aj IT rHAff ? o w j CbJ ^ki hcF w tr* i'n 


<0 + k* Co*f>f»‘fc4>wl «J p-f r^A.*n<« 



£WUje£,Rm6- MSDEL * -seeExample /0 A 



^fcaig^f r,-4(p0 °r. =t> W v * 109.^0 Bia/it, p ri = aiqcs 
*t a * fc L Pr* * fr, C P*./P,> - *UK7« -S> = (£3.(,1 BHi/lb 

to. Tj-10o°r. ==e> loa^SWtb, 

S i fefct Prt t 'Po(Pn/P i )-^.4H( fl )(i)-O.S'7^ ^ k H -LOO/mVlb 

(<0 Tke. mass ■f-Lowj va+c «+■ a.ur 15 

vO. - _ t S~H>tvS _ zoo BUcfw'.y^l _ ljv , ,. 

K~ u »t " (Tcfl.qo- too.z-i)^ 1 4 <m j = •*■-— 

( 6 )tKus / VVjl »\ 4 f pouJer ihpu.f is 

We^,Ji e - *V\ fCU^A ^ - (U 3 

- l«VUT--loq i qo’)-Ct^'^“ 100 .X >^3 

1,9*0. | S\u( vvs.ua, ^ 


M 


w 


®j4t 


tc) TW.cocWCt.ieu*- of y«,\rCorfv\aMce- {$ 

- g- U - —]?**** , |loo , S4 

\ l/JifU 6lu**vu*| 1 Vov\ l~ ,,b “ 


4- 
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PROBLEM i 0.47 

qim /\ t ft -fri y e /»* <f^i tf yc<e f /P-44> i'j wiocivyr'*^ 

"t© t"»iclu4-« "i L»J- +*'■«_ Cotv^uucrar And -ft^r b/n( isGntropic. 

Q f f't*> * <*>/ Of “12 % <Xrvd 77. % / *•** |*«K VC * 

F /ajQ. D ^ -M r *vWn e C a>) 4 Kj* a/r f**asr > € y f&J fhe 

£t 'l 4ka Chj* ft'- t* *p* r fj/'rv.Avtr €, 

SCLfeMATtC. \ fclA/LM TWTA ~. 1 

d v * - iS’Ws 


g*J6tiQ6£^)<o&- iModcl : Sfi.ee*«i>vp(«- /o.s. 

ftAfA-W StS *. F\\rsV, fix: e<*.cL. ©f -Ha«. p«*\Vv cA^eA *V*Airs CT«vWe A- iz-E). 
Firorvx VWcl SoUaA-Cov^ e<- fVoVil-«w. I0.4fc 

f»,* ioq.«o evu/iv, 

U x s “ 1£3.(*1 RW./ lb 
\a 3 =• (^I.SkBW/lb 



W H * - 100.13 <Mu/U, 

' SfM’-g. L Us 1*3 VW toKVup^fttof e-P4lc i«Art.t*j 

n = k7 -*~, kt i- - l ./ f 


h*. a k r(,- ka3 = bw/iu 

*V‘- 


Sftxfe. 4 UsiVvg five. Kurbivve ef4iciexict] 

H-t * ^ kl *~ ^ 5 ~ v ttCU 3 -U Hs \ = lOS.tpT-ujtt/ib 

C^-) Usikvg Vefcvger^ttV^ ccv.pto.cify 

Q.y b\ _ 0^> i~oi\ S ^ ^flO 1 &Ua/<wvU 


Vvy - 


V \-\* 4 “ ( toqso- io s.(pZ) BJii I i w 

lb 


= K7.7 


Jt 


vw 


w,** -- On.n)[{ i<»4.im - io<* #o)- (<(,?. <&,- ws^zg 

-s.'i'^ l {L c i3t*y*\**'\ -«■-—-, vj^t 




TUc cV ^ 


f 


fflfw 

W Wtf 


OTsizoo^ 8 K/** ^ _ o # (2 j£ ^ 

(r^l/O BW 


I^m'h 
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Problem ioA& 

)C WwM -' Opem+iHj pro^.d-ed *fcv- <=<. Hr ay tu^x r e fr <‘<j ■* rA+>'cn^ 

C 4 c( e ci i’r «-o +k» too/‘l<^ , «j ■ 

P/AJ Dr ^ f * ) ch t r f r^L M ^ Ct>^ ■f'ko *%c pO r* r'i« yj 

ft) 4 - W> ^-e fy C»| 7 acj'+^^ «-«.<! (d ) C-q ^ p#r^O(>n**wcc, 

fiCl 4 eMAT\C. 6 WE*Q bArTA *. 




g*j6<uea%/A)6- *ioC>e-L : See- £xam,pie jo, 4 . 

A^AO/HS; F^s-t-j -f ik e*.cU of +ke pr»Uc\pa.l S'hs.fes CT^lole A - 22). 

SWg. I Ti= Ziofc =t> V\ v a 210,11 UT/W .3 J P r , * 045«10 

*• P r ^ s P« (P*./P,> “ 1-S11 Vi^- 510.10 WT/kg 
5 tote 3 T s * 52-Dt. => W, - 320.2*1 LT/Ug , pv 3 ^ 1.1315 

SWe- . 4 . ?r-H ~ Prs^^/Fs'i = 0.51U K 4 = Z33.M 1 

04) ike yv\*j$s -pioiw ra+e. is 


•vr. 


(CT» 


(O.'U'W s) t 420 kPO 


ICT I 

/ 8 . 51 V *ar Vs*OKI 

1 l lcP«. 

L 0 a N-^ j 

^.41 fcfl-K J 




= I. 82=1 !i9. 
« 


TkuSj H-4, «<-t poujev' is 

^[(310.1 - 210 .tO -(320.23 -233,fed] ^|i^LJ 3 * 

<0 iWe veWi^e-foKw^ cjxpceciJry is 

A.v<A “ ^ (V~^ ,V <1 - {>t.l!i» lt-W^_ 

cal TUe. coekficievct ©f p«r(ox*fVv<\rtce_ Vs 
^ „4\.^—. ~ - -^2 

V Wcgcle 2*3 Vkw 


t w 


\. 


^c>jUe 


Gbk 
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P&O&lSM lO.fq 


•• /4-ir ij He loov-Limj Au U 

ma r€ f-r/ rA-^io^v cude, 

0per&fiVt<j dfid-*- &»re spec/f/VX 

^/NZ> : (a) Pe-WrvjMe ft*e Mi Lodrk permit wt&sj of &ir fUuJ a^ut fke. 

Coc-At'ci'enf- «>{~ pc-rArmcince far *i c - H + =-100%. £bj p/o-f He. sa^e. 

« U&K^Hfi '«5 <fcrr H ( ;^ ra/y/«q from 60% fr) (Oo*>/o a . 

ZajMMtelL rfc-u/eo Dato \ S Qo "‘ 



(0O% 
3 


2. T i =3ooj<. 1 

} 

Hoat et^r^anger 

.' fc£h i iot>*L 

3 ti 

300 ItPc. |l | 

1 *■ r-^m 


4 I 

* 1 

Turbine 

Tfcornweis^y ] 

1 1 

f 1 

L 


o 


*fS 4 


IOO kfi*. 
Heat exchanger 


n =yCK * 

W c - K t 


f 1 


T, =260K 


CAJ6iAjEE/Z)N(j- rtlQPSf- I fo*" pcvffosec. EXAi'YvpIe. (0.4. £cv* ^<?.n 

parKb) , see. le /0,s. 

A^M-ysl S ‘. SoLtviple c«,lcu(qfrU.s mg -/roim Table, fr -2 2 .; 

T, = Z<5ojc => »2bO.«<t UT/tj , p n = O.S105 

5 ^ 2 - fV*S = Pr,( H/M^.SZIS U-i s ^ B St.3 I t-Tffcg 

Usiv\^ He. tseuYr^iCc. tffY*.^rcuc>r e{£-\c\eMUj 

^ s k+ (KrM/'l, *, vi c moo% = 5 > U 2 = 3 yfc. 3 l <«0 

H t » 8 <5% => U x = ^&o.ii kr/loj ct') 
SWfc 3 ■ T,i3ooK =t> H 3 =3 oo./ 1 icj/fc^ , p rs -i.S$C ,0 
SrfatLl - tr AS - Pr ? (U/? 3 ) «■ 0 . 4 * 2 . => WU 3 

He ^eivfrop'ic Hr!* me e-fActtvic^ 

S' C l V«o«V.^^*ZlS.r7 C ^ 

= 0 o °4 k*. = 23 5 .. 2 t *<rll^ tb) 

I'Ve v\eV toGrW is 


lOo'/o =v> - IS ko/fej*_ 

Hc“ \ S &0 °^ ^ WaydlAfyU - 6S.3 U/Lj 

fOow>, He co«H-»u<aaA ofr ^e/rWvwa^Jte. is 

3 =. 4»V>IH . (h,- U 4 ) 

Ww>yaA/M 

V\ t - V\ fc - \oo*A ^> "" » " 1 '— 

V\ c -\-- 60 % =t> j)=0.45 


Hyk ./vvi 


Cpforf &>\ 


ZA, 


Cfo*#4 el) 

Continued on next slide 
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/m (kJ/kg) 


Problem 10-49 continued 


tfc) Tke AoJ-a. -fapr 4Ue. plc-fa c\y?_ oloh^a^cd t Tj az-£t>lLoujz \ 

M * h3 - (h3 - h4s) * {etaj /100) 


IT Code 


T1 = 260 //K 
pi = 100 H kPa 
p2 = 300 // kPa 
T3 = 300 // K 
p3 = p2 
p4 = pi 

e(a_c « 80 u % 
eta_t = eta_c 

mdol = 1 // Assume a unit mass 
// flow rate of 1 kg/s. 

hi = h_T("Aif", T1) 
si “ s TPfAir, T1, pi) 
s2s = sJiPfAir", h2s t p2) 
s2s - si 

h2 s hi + (h2s * hi) / (eta c/100) 
h3 = h T("Air\T3) 
sS^s^TPC'Air.TS. p3) 
s4s = s_hPfAir, h4s, p4) 
s4s = s3 


Wdot_c / mdot = (h2 - hi) 

WdoU / mdot = (h3 - h4) 

Wdotcycle / mdot = Wdot_c / mdot - Wdotj / mdot 
beta = (hi * h4) / (Wdotcycle/mdot) 


IT Results for n c = n > = 80% 

hi = 259.9 kJ/kg 
h 2 = 380.3 kJ/kg 
h* = 356.2 KJ/kg 
h 3 - 300 kJ/kg 
- 235.1 kJ/kg 
h* * 218.9 kJ/kg 
/rh = 120.4 kJ/kg 

W /m -64,94 kJ/kg 

VV /m = 55.45 kJ/kg 
cycle 

p = 0.4471 


PiOrS ’• 




'P'LSUJlbUO'A 

• A-s 4Ue Ise^Kopic c<)rv\pres50r oa*x£ fwUiwa c-f^icieMcics dec.rea.se, 
v\e+ voorV- \v\pa^r -\o Ykt te- ia orzte . 

* 'Vc VuA>i*e cC^icle'VieAj dUxr-etfcse-s, poiw*r4 oy\ -VU* 

T-s moves 4o ¥a« r w^V\Ar,+Wfirel®*j 4e.orea.sm a +Uc:ca-p«.d^. 

Tke. etec.re.a-5e c^ckCc^-j, (Coupled ujiH\^ke- m creche ftef- toork i 

i'-eSu.H’ 'V\ d.ravvva.'kc cU~Otf> iv\ coa-Af'iciev^ - Erf p^r-f6r»w.«^u:a 

compcura4 4-o -Hmi icte<s*Jl < ia 1 < s . ( ise^+nspYc coA\p<er«i<n<. «m 4 e*j><swru>A 
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PRo8L£m io. So 


kNOUJ^t ; ike,fd<a,l refrCgtca+Low e^c,(e of PrcMtm l<M3 f& mocltf < e& 

-k) iwclmle <x. re^e-iAerct-fw-e W«c<+ excUa.^«r. 

Defers i via. Hve. totuesf j&r^4irajlwfie. f (J&.J fUe. nfct UJorL mpvct 

^eruwM- Ha.fs ©f aw fie to ,0) -Kol mfrCgenat^g ce-r 

wuf MCLSS Of Cciir -fV ow j (i) HjtC^ffic'ieyiV &f ^erformau ce. 

SCkSMATIC $ 6W5^ DATA : 



>Qin 


Hes< 


noic 



?i“ 160 Uk 

-not 


V-^ovc Pj./p 1= .J “T“I 


1—- 

Qent T . 

—~~-S 

J.I- 

-=1 


Turbine 



CoF'ipr-e 53*' 


fiMameereiMfr mpd£J, : ^ee.Ei«Liv.pU IS. 4. ! 

M^o > +V.er« Is Ho heajf tnuvvsfor 4ruM 
■tw HWfOKoUft.Vtjg&r’ to ‘iff SuWVVtfadLvvjS. 

Afelfltysis : First, -CCxCiW^ of fUe (jr\nctf»aX &WW& (TaWc A-2Z). Fra™ ■Wm. 
SoUvK^V, to PfotVeiM. 10.43 J V^_ tnO.il kT/U , Vt, - 310.10 lc7( U ,oa* 4 
W^ - 3\0.LH WT/k^j. 


SfMe. 3 . T 3 ~ 2 : 601 c 4 > U 5 = Z 8 o,I 3 WTfWj, , - 1 , 068 ^ 

f>r H * fc-*tP4/p^ ‘OflbMi fcJ,‘K 4 *20H.»k 

t>ba.fe. io For fVe. Viejxt eycUa^**- ^___Zj^’* 

0- (Wt"^0 K ^>Vi b - l*tO tT/lcg ^ 






^b) ^j£f V £, - (U^-Vt,) - XH.l kT/k^^___ 

(c-'i TVe refrvjj^rA.'KVv^ <uLpa-c-xf<j b^rncs 

*b 

~ 35.H? -_ 

(<*) a-- 4 w i - i.t&H* __ 

V WtwtXtjVA 

~Df jcussfoys i Co^pai-r^j -fttfife Hts nifs tu/'R fkose. of- Problem (o.43jWe .See 
■Hvrf mh-oducLKtj *. Kii deduce** ^ sljnrU<r««f/i|, t-hwwer 

Corvyo.niAa Ae e4k«v *uWt>#*, tn^cAfes 4W he | K*s 

Mcvectie^; ftva c^cc|« Kfij (fecrtoie^ wut ^fu toe.&'izi^-b a-P- 
p-G-rfonMoMcz. ir\AS goiifs tfeur/L, 
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pRoti LfM to,s; 


Rgcowst4e.ir -VWc. OLjtVe ef- fnobleM 10. So cUaA mcUcrf-e, \Ua 

COYV^'TC'i^o't- £U-A4 uyIc>\^'€ V\0WQ. ef+lcICWt ies o4 85 owd, 08% > 
ifeSpZcVwe.'-y. 

ptNt>‘ . AvisuJer 'Hv.d souwe ^uesfCoKS as w*. ProblevA vo. So. 

3CU6MA-TUL j 6 iv€m DMA: 2 . 

T 1 z*> 



&U£tK)BEftlMG- *t.cpel: See. Ekcm*^ 

[0.5. AUo, -Hv.e^eti *ve ke»\.+ 

-jvtLMsfer pro'w.H^ ke*+ ^ s 

exeUn^er Vo Ws su/rrouwjct w\^s. 

A^Al^$ls : pirst^-fv^ £6.cU. of 4Ue fl’riktips.l s-hz^es CTa.bU.A- tf). Pr<w 
Vke Solu,hW +0 Pnob\ew\ V6.SO 

W,=.110.U WlVa k*x -2.8 o.( 3 kT/k^ 

%j'- MO.lO Vl Hs - «>4.Z4 WtHw) 

ka.- liVO.T* Wrlv^ lrt t =t ZHO WJ/kg 

Sla-Vg, Z U.ivV'g 'K*-t c-owtp’re^$oir vcv€Vttij , 

A: ~ ^ K + ( krfk*j 

^■hUe 4 tCnwg Vu-t, KtYb^t 

V ^ r - ?r v^ 4* k 4 * Inj-CW 3 -Vi HS ,^ e zi5.3S *T/k 9 

0 % T H - A13.4 K .*_ 

rMk-M «. so.&i 




6) 

<p) 


Cd*> 

V^Ojt-U fvk 


^ - W t A H - 2-fc.feS LT/^ 

(i^J 0>— T'^ — Q 5 2.1A 

\ S 0 . 6 i , 52 m——-- 


6wl* 


M. 


4- 


V'tl t^ ', Corv^aYti^ 'fffisg. r<?s izlfs toH% fk.o.fe ef Probkyvi (0.6 , tJ > Uje. see 
fhe. ^ewA^{i*e5 3 ssoctQ.it,4 toi'Hi irrti/&rs'th i I th '^ -H^l covu^rc^fo/' 

-fu^bi^o : ]iAcrg^fe<^ ^ miVi > i^c-reo-ft^t Ke^- L-orffU^ d^f^CLfed co/wA-C J ^mJ) 
d'&crQUS<ui coe 4 &ie- tWf of ^erf^vuture , 
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pro ace/'t io. sz 


Tti t-dejm, -fev plofs 4 1*3 IT, 6 -i JtfUowS . ( 5 eft prebl*,vi 10 .S 0 

4or $cvwpl€ c . ) 

IT Code 


pi =100 // kPa 
T1 = 270 // K 
Ta = 310 // K 
rp = 3 
rp = p2 / pi 
p3 = p2 
T3 = 280 // K 
p4 = pi 
eta_c = .8 
eta_t - eta_c 

mdoi * 1 H Assume a unit mass flow rate, 

hi = h_T("Air,T 1 ) 
si = $ TPfAir.TI, pi) 
s2s = s_hP("Alr , \ h2§, p2) 
s2s = si 

h2 = hi + (h2s - hi) / eta c 
ha s h TfAir, Ta) 
h3 = h_TCAir, T3) 

S3 = SjTPCAir, T3, p3) 

S4S a sJiPfAir 1 , h4$, p4) 
s4s = s3 

h4 = h3 - (h3 - h4$) * eta i 
T4 = T hfAir, h4) 

0 = {hb- hi) + (ha -h3) 

P COTS v 
220 

210 

200 

^ 190 

i- 

180 
170 
160 

3 3.5 4 4.5 5 5.5 6 6.5 7 

80 
70 

_ 60 


Cl 



20 


10 
0 

3 3 5 4 AS 5 55 6 65 7 

P3/Pt 


p?/pi 




Wdotcycle / mdot = (h2 - hi) - (h3 - h4) 
Qdotin/ mdot = hb - h4 
beta = Qdotin / Wdotcyde 


IT Results for - 3 
and n : = n> = 100% 

hi = 269.9 kJ/kg 
h 2 = 369,9 kJ/kg 
h 2 * = 369.9 kJ/kg 
= 280 kJ/kg 
h 4 = 204.2 kJ/kg 
hi, s = 204,2 kJ/kg 
h a = 310.1 kJ/kg 
ht>= 239.8 kJ/kg 
T fl = 204.5 K 

W /m =24.25 kJ/kg 
cycle 

Q /m = 35,6 kJ/kg 
in 

[}= 1.466 
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PeoSUf'W to. S3 


Eudujm : Mr is 4V workmq -Plui.«( »V o. ^rcu^ton refr^era+xOk\ tujcle 
u>itU a. ejcctiAwgev. 3><xta «.re known a* 

l* “ 


VflMTCOUS 


Ft NP ' 


cakiona avv( -H<e co-pcxiC^ i*» cj we-v. 

PfeVir^NVAt <aJ>4V-e i/olu.»*Ae4-rie. -flovw f-tct-c o.t 'kWe. 

4-urbiv\e inaI*U a.*-dlCbi 4^t CO c4-C-ic i-t *sA- of- f e r^or^an c e.. 

4. - K -U'AS 


5CH&matic A fotvEM DAta: 

' 2. 

T 



f, - ts iw/iV: 


<4S0®* 



Turbin# 


Cor-'Oif^Mf 


gH&nOPgaiMfr . . . . , , 

Moi>6.i. i See Exaiv^Ia lO.H . Also, 4kcre is wo he** -tarns f*r fron* 

■Ha<- e*cJW*fcr -to VU Su^rroi^nrliK^s • 

ArtoA-LVS\S ■ FirS-V,-f *VC^c-l/i o-*t -VVi€- pfmcip«.l starts Arable A - 22t). 

SWtC. 1 T, = 430 °C U v = UH.Oft &Wlb, p ri ~ 0^ l «2- 
S4a.4e % Ff-itPx/p, 1 ) ^ => ^x= Kl.HO &^/U» 

SFaAe, a. 173.0 to Blu/U® 

5tala. 3 Tj W^= {IM<^ ©VWVfej p^ 3 •= 

SkroAe M jv H = pr 3 tpy f Pj'i - G.WTS => ^ - ?U?Z_ &IW U> 

5Mc b Fcr VUe Vt*^ ckcu-jger ; 

o = <hw-M +( K-UO ^ VN b --loo.-iz<wiW 

(af> Wil^Ki^Wv\ retrvc^t rocVvo^v GO-pO-CvW/ v*%C'V&wsJ *• S 




(IS 4-»*A 


W\ 


(V w -k^ 


l ioo.vi.-Sr(*. , ST.')ttw*/'ib 


toft nw.f»HiA 


l -v 


• A 


" 2.0.H 


it 


V'aA “X 


Ol wrjk ’VAv *■ t/ & ^ w*. *. C rlc CVovu i-od-t. 0,4- 4A*_*. t»«*f rissof \a,UI- ij 
,.. > - ~RT, _ (in.H)^>, i *' 


iTSFWft 


P > (xo'i ^VfiO- 

(b) rKe. coefficient- ©f performance U 


m t* v 




(Vt b ~ V^h) 

(Vy^-WO -(V\ 3 -UA 


u.so 


VI ."U -^2.11 


l.STQ 


4- 


(AV\ 
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PR.OSCB-M 10. $4 


ICNPioM RetOHSi<i*Y“ PUg, Cyctc ©{• Problem 10. S3 ; V>aV incXuxte. Cor^pre svx 

ixwA lurbune. o-f 22 % eaclA. +M. analysis. 

pt KJb • • A-rv&a»«r- Hie Same ^uesbioTLS cue in Problem 10.5"3. 

schematic ^ fru/cM da-tA -- 


v\ t -* .32 



giM6[ MEEAl MQ - 

Mo&feu : S^e Example. 
io. s. A l 5<>j Ktere us no Vie**- 
tviBuasfer between 4Ke Wo-t 
CxcbanjCf" i/t< 

Am AIM SIS '. Firsb, ft* eocUo^ AV& jprCncCpoA sWtes (.Table A- Z 2 e). From. 4U. 
SoluK©-n to Problem 10-53 

lu* 114,(4 b\W lb b>- 114.^ e*Vu/lb 

U„= IS'I.HO Uu./lb Vu^ s = Sk-S^&WYlb 
boL->- aR.OU BVWlb - 100.^ e»la/lb 

SVa*e 7 - U.«,iUg-tfi.£ Comf lessor e-W-Lcienaj 




- = K > 


Vi^-Ut 


K l+ (hiidif) = (Se,<n BWib 


*5iaVe 4 Using +W«_ -Vturbine, e.£(i. c ienctj 

VU = ^ 12 => Ky- W* ~>U( k-j.-bss'i - £4.40 bWlb 

^ Irt-J-WHS 


c«0 WiHu <*.«.« wen. r*tf^i f eVUA 4w». air s^.aiv r ^*~ ^ 

c tw, - 


W\ 




1. &o Qlw» (_ n>n 1 _. 2,^*1 ~‘i«\ 


l V 


6A 


avJL voU^4rit ^l.0^i r^Ve a-j- CO rets or 

ii /KKv liLbLkv i . aA Z' 




# 1/fr^lAWl.lTrH, ’T V Vw * ™^ ’ 1 - r 


t-uo') tu-f^ 


IHHiw'- 


Cx* 

=.2SS^ 


Cb) rt. - C b b -l\H^ 

V ~ Oft- (Via-Vin') 


10,41. 

(41.12-24.14) 




« 


iJok, H*e '/'olunvtHicA'tpi^ va4e is W^ber <xv,JL fte. per-focmance 

/i lower AWn in Problem 10.53 dUw. to irrevev*tUlIi+ie-S in 4W. covupfet^c 

W t-OV^lne. 


(*v\ 
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P^OgLEM (0.55 


VqooujkJ *. A-ir* t\s e^VrAcVcJL -from tv. yv\o.iAa je-t - e,v\jsjiUc. -for* o,o^o vi\ cooling, 
■fUe <xlr jy«-^>c-s- -VWoiA^U <k he*ut ex oW^^cr -Hm 

befb're b«Av\^ dUscUor^ect vVvVo FUa. c*tnV* 

V=1NJC>’ . Determine (.4.) fUe. pouJer* develcp*A by VUa. Uwrblwe oj^A 
Qo) -\Ujl \\<uJr transfer rccte. frorvy tUfi. <xt*r jpp-ssm^ -ffirou^K 
•Hm V\<A/t evoU«.vujer. 


Sg^&M/vn.c 6i^g»J i^Ata • 



T 


\ > 



.fto&EH CM ^ajcJa oorwpsmewV is ^ sieo.cttj .CD TU«.o.vr ®-*p€.T»€Kces 

*opr<s»u.r <2 cCr ©9 m pa*Vvv^ ■VWffcuak 44*4 We«cV excW^tr.^J KiucKc c^poMvJ 
eKecAs com. b«. vyejglecktt.C *4) Tk4 -tu*V>\Ue. AjdUaba+ically. 

C?) TWe. oJsr is meAetedl as oak ulc^l <gcc£, 


(A1 F«5*m TaWc A- 22. * Vi,* 32^. 2-^ WT/^g omA J> r? , a I-T315. 
For <M* isewV^LC < 2 *pa^siW , p ra3 = Pr* Cp 3 IP„> - 0.8Z53J . 

258,4»-T WJlkg . (AsCvvSj -VW. itJUr'ow-\C. C-ft-iciest*] 

W.J. - vv\ V\^ ( V\ x — 


- 0 1 ^u*T 5 )(' 3 zo.zn- xsafo-i) ^ I _Lkw_ | 

N 5 ' ^ l l kJls I 

- Mk.Z. la/J ^ _ W* 


0°) From 'ToJ&le A - 2 2.‘ V\^~'b&O.'J-t Lt/U^. tkuA 
O - 6l cv + yv> 

^ dev a vv*(l\ z -V\0 * -360.TJ) (i) 

= - OO.Hft Ue 

* * 
<3©u* - ^0v46 Uw^____Oort 
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PROBLEM io. SCo 


Air is -from mcaA jet ena vne tor c«A>va ccoliv\g . 

YUe oqr (pastes iWougk a. bead exctavMev a.*ad. •KMrbtAC. 
before t-ei Ag duckar^td mk> +Ue cabin . 

T)4^v’mvv\e.(<\) VUc. j>owe*r develop «d. \>y +i\e Kurkin e._Ab)"U\£ 
iseYxVropi^ +urb\we. e£tici«.Acij } (UvdCQ +W WeaY +m*vs4er 
y"ode farm 4W aJurpajb$\*3 -Hurouql'- tW he*ct excka.v^tt', 

SC^e^ArTLC ^ &WE*J PMA - 


K^JOUJM 


p-1 ^ V 





Heat transfer 
to ambient r 

r z - bco°(i 


”2- 


M 

wwRrH 


p,-31 iVfAV 1 - 

+ 1 T«=fce>o 


extracted for 
[ cabin cooling 


i‘ Auxilary 
l turbine 


Nk* 


wt 


Auxiliary 
v* power 


f Vn - 2-00 -~W 

Ccol*- ' 

» c»‘n 



P*- IS 
T-j - 5oo e R. 


111.S6 BH*./lb. 


e»j6i rjgspiue- 

M 0 O 6 .L ;(i) EaeU Compenevdt* ts at sbeoJU^ state. (.2.) Tke air passes 
-bknsajk tU«. heat excWvuger with, wo pr-osstMre drof. (3) IcvncKc <wJl 
poVe^/Ata! fcAafgij e 14 teds o.r«- ptejjli^llote.QtJ TVt-hurWne oporates 
a^kxsAo aKctdU}. t5j tW. Cq/r is mo deU-d 0J> ai\ ld«*d<jas. 

AafMNS\&: (A> FrowTA.blert-l'Zt , BW\V> omA k 3 ’ 

"ThvM, powev~ devote p*4, bej -fLc. -tu/rkOne is 

W t -- W»(U t -UO u I 

= If 3.1 _^ 

(b) For OM f^ew-troplc eKpawsiin\ i Py-^ - 2.00S aJl f r> =^ Prz.C p 3/*V) - 0.8 TT I 1. 
~fWs_, W 3 ^-U3*\4 ftkx/l'o t a**-d 


H- 




^ d>.71t C^A */o). 


M 


CO FromTabUi \~IZ £, h^lkZ.TZ &yu-/lk. iW 

GWv - v* (W-KO 

= 3©5Z 6Ua/ v>\i n, ^_ 


<2«wp 
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pt?06ceM Vo.S>7 


KtAlliiiti: Air tx wt-erg c ec a. SAirtw*^ retVLgQrdAi-b-M. Ujclc. toi+U a Icnoujn 
corn^nrsd/on rztfio. Oiker d&ia- are a.Uo jii/tn -for -ffje c<^e/e . 

F / 1Q £>'. X>e4« r w i «<1 +Ke. be<Ur liraws-ter ctccvincj Abe TsE'-Bie'riWAt 

ex.po.'ftsio^u.nt-f mass 0 4 eUr*, Cfcj -fUz viel-u>orlt ~for4Ue 
Cycle ^ per unit. mats o-f a.i\r } asuUc.) -fUe coe4ficituf o-f ^erWmqnpe. 

3 


SCHEMATIC PAT4-: 




P t - lOO kPbv 


vT - « 
3 


EM6IU€£glM6- 


V 


Mopgi_ ^ (i) fbe air* 7s a closed scjs^cm. (zj 7 be compression and 
expansion art iso*Hiev'M<d.(3) AU processes a.re inbccrtAlltj reversible. 

(4) A n Icta^d re.gtv\ crater ’is ova’ll able 4o store Ike. encrj'j fejeefed duniy 
process 3 *4 4o be used a* +4e. tVvtr^j mpnt during pnocess 1 -Z..CSJ -fUe 
a\rbelrtAVtf ?<*s <xv\ edeal Q*^c.(fe) ktJ’ieHc and. jeAeviVial emr^ efteds are 

A/V aM51 & '■ (&.) TW. energy balance. fenr process 4-1 redjUjoet Ao 
%“• »<$*<) ■ w " 


m 


Tke voorU is CftAc^aAe<t mtu^ S^. 3,5 8 


VJ 


Hi 


vn 


* j pd-CT - KT C SU V, 


V 

8.31M 


kT 


^8.77 Ixg-K. 


( lOOfc) 9-U-(C) =. S(MZ kT/ty 




iii w ^ =* 51-Hz. b.J'/U 

m w-i J 




(b) "Tbe ioo'tVl -for ijrocees Z--"i is 


VV\ 


IVjus 


= J^pAxr » R.T* Ou "(ff^y 300 ^ *'fSV.zfe 


kT 

*=3 


V ^*~ 5 tS- 1 - lSH.lfc-5l.HZ_* loz.84 WTi/^^_ 


(c.) Tbe. coett-icieuV of pevto* (*civice is 
a _ CW*M 5(.4Z 

r 




uJ 




/m 


ioz.®y 


- 0.5, 


AU-rn*Kv«i^, b-.IO, £ 


T fc 


Ttf-*-T c 


a 0,5 
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<0. 58 


ICNiouW '. Air i S +keux>rltm 3 fluid iU aw Cncsjotn n?fvwraii<m c^cU. bcdtfv 
<X«i l^wj&uM/ cA various l oca-kens. 

EUd$: Jxe-^rmiweC^j fite heaf -frunsfCr -for fUe. is 0/hernial CKfaaSifrw., 

(M ■fkewef work. peru.Ki+ ywacf of car flood, <\mJ. Cc.) f Ug. 
Coefftcli?u1 of prfkvv\Avi<e. 

SCHEMATIC £ 611/gA) T>A?A : V////// / ///// , 

3 A T 7 ~T K -3 




-vwvv> 


)oW( 

r,a generator" 


■A/\y\/V\A 





4 V ///////// / / A 1 P. sl ° okfik - 


gUfriMEfiaiOs. ^ T 3 =t h = 2.iok Ti-3toic 

C40E£ir5 0) CacU corwponeu-f is Gwali^zeef a£ c*. arwfro/ volume af sfesJUj 
•stoite.. Cz-) All procffstes are intern a lUj r-ci/e^s iUI-e.Q3) Tke <jomfyv*?« io-w aW. 
ert? oms i<m pro cedes Cere. t.so-fiiefyHA.1 . (H) tCiwcfic m*A. fpolen-KoU €nerw m effec/r 
d>re. Yie^l^tWc - (5) Ike aV* l»«ka fits, as an ideal J 

% 

Af/AiVSi 4 . : (4) 5-etermiwe /m -Prorw aw energy baU-vic*. ^.fUe Wbiiit 

0 z W^. + ^ 

^ Gm W-t 

Y* ~ 

The turbine. voorto is evalualeA uCiwg E^. 6.5fc 
^ = - j Vitp » ~RT, JU ? '/p, = 


i s KTj V £ 


* (i|« 2 SS.iiW^, 


■3-651 

^ = 85-13 

rw 


®ln [ 


(t) Tkecov^r^sar uoorlc U ^dXiu*k$A SmularUj 

^ = «t, SUa * *(|gV)^o)Ws) -- kT h 

= We. _ W 4 . 1Z i5fc L j/r _ 

vv\ m >* v 

CO YW G&e-CYCciaA ©V jperWivuwAce, is 
a- _ Q‘ft . l»A , . ^ 78 

v Hyu.^ 
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Ppotfcen iM 


Etmoujm : too lb of cre z ^ 2.I2-°F i~i ^ 19.3~£+ S «jfr*de»-. 

f~ ^*-**0 ', -U r m— ’H'**- pAi t fUKa (jlJ f m. j (“■) 4 r "^- t vah. Air CiJ&t, ip ^ y is a -fr cm 

C*> ) C*> r« j f r Wi‘ 1 1 *Kj cAuu* t j C c 5 '"dA»A =j <a j w^-s ijj), 

^ KJAL ~ , T'S cf ', tA.fi dl*ji o , ti V - O - -£j! * f [fa 

W) Thivw 4.fUJa*d ,*t t ? g^.tl-1 

■ * ffr _ a 
tt; v- 

F^c** TVlptt A* 21E 


* x ”<■ "<£S - k = £L 

f * (?' tf )C t7 *-° e 4^i' 1 [TOiMtj | _ CT . W vjW 

£•"’ ffX«“&) - " W«* w i gLf ' 

CoV 4 .^u 97i 

Fr— T^ble ft-iE; -Tciy+S^j P,. *-«.**+*.. Tk„, t r = i?Vs*«- Mit a *d 

V* 5A , v .,^ 

ET* f i-r^r ilit? V 

^ kbM#f' 

TVe ^ R<jj . A -1 5 iV^4 ffc^O-kBiT^ P* 41-14 nth*-, 

CO *&**.( ^ 

. |T t (lS^~MXi'Uf<0) t7Z c ff 77t *4^ 

1 v (p-mX+MiJ 


2 e;k*rt 


i &4*} 3 n : 


PiSeui^Jw ! Kc-H^A C (6) ^ wml u 

t>uJr fc“V +C*JI W^U. e-f -fr«w.t rA^ ^ ''dp 

4^-*. u C j_£t_ f’fcc. ^ Lj 


Vv-o djLJi s -j j-jrfv 
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P/ 205 -L&M U.2 


q - T<.v% o- t- C 3 U&.S (»v vqU/.i'vic. «4- 2 , Cl -5 a^cL a. qrefsufz of too lt>f|u, t *> 

Ei±U>- TXUrifvi.y*. +Ut l-'evtp c-taUa/a t/if^ Cfc] +kt VA*d,er- W&cJj «tu.A+t'o»\/.kj Ute 

Cjnwpv-eci'iliUi'Vvj cWft.fi ,10 fU<L \ d ea| gaS uaHcrv o-f 5 Wie., <mac 1 Cd 


p*-ofi>avi(L ftibWs. 

itf 1 j i 


t*0 ftie 


M AU tM k ' F ^((roo y J£) 


I IWlit?: 


= 40.S3 cij^ 


/’■it’] 

44hD^ 

[lO Woj 

\ \Ic j >Vld1 


B,8t8 




C*A Wi-VV a, oa^J. b -frenn Tdlol< A-VtE j +U«l Va,ft<lef WaaU nedf-Jo-n g Wes 
T_ Cp+ Q / v'*■) (y- lo> 


lltf-Mel 


f... *, , hi±3 

-_ L 40>& £8.8 it XWIW^Y* 


( ff.SiS- 1.444) 


iii 

HllfiLoE 


I S 43 


-H- M 

lV>w»l p (£ 


1 


lA.fcAt 


ll &l 


i Cvi’fri 


m *o 


- 1^0A °Z <- 


ft* 


(fa) Fran, T«bU A-fe; T c = fefe, °R, p ft = 42. t dWi. 7^ fy=- 40 * &3 /4^., =■ 0.77 

a 0.164 


\V - -3-c 

e RTc 


h4.t4b 

144 iiA^ 

• ! fthK *' 

/ ft 3 - 


-rUe.^ , A -l gwes « LOS ^ T = ~i 14 -3 
(C7 TW £ iftecd gjg.{ e^uuaVi°vv. gives 

■43" Oo o iVf. 1)C 8.SiB ^ 3 /lbWl) 




T - 


144 i'hT 


I ft 3 


H = *«:*. 


^ ( 1-545 * v ~ vL f - \ 

C^\ f-fa<oo lUlu/i^v-O/L 4ftVlt> . viaT^Uc 1 - A- 18 ue ge+ 




T - 7k|<5*F * *«.«*- 


i*) 


t>i^ ll( vs ■ TUg, -tor (pctHrs o* j^) ^-4 C<M cijr^e r ^j£-U . tW idefljt a^s: 

dcva&tos Sljj vm£ ] oiLL^Uij ^ron\ t>4W^5 . 
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PfcoeL^tK H'S 

* rJoc ^^ - foao K 3 of v*.por- -fVtls <x. 23.3-^ + k 36 O °F 

F mP '- Et +<**«■* +we p r« uu / e t^t id#*\ J Ai 4^«^'«vs ^ tUht v*~ d*r> 

ijfi Kan ^ (cj4 I* t £ f d l*"t U - fc KMO\Aj u&h‘o*o } (i) ■+ tif £ 01 - prrrji *>/ /■ ^ 

Cln*rt.,(£)+K*. ika^ +o-bt*.T, 

A>->AUT ti 3 : 

1 4 ^ «*j ^ * 


p t !l s l^y^xX^X^ 16 } 1 »fa»r I 

{ii-s i/io i )C m */'y) I 


\l£ t tq bir 

( «% Ut&) 




( b ) w:v o, b kow. T*fei< A- 2.4 


11 

V 


- Jc»«« ,; Jb-., - _, . . „ 

v 1 [ c*. 41. 0- 0 ) 0 r)-Vc~iJ r*“ 1 C«-« '-V«— ) 


tl \«- 

_ 5>?3) W(* U»-» r J «* IOV14H- 


oj 


(^4 e 4 ^ ^ 


u^If< v; v M W m iV^l Y 19 *IM )? fl 41^ 3 
k ifrl <kf5 A *^*1 / ^ * 

fe) Red U'ch - fc UJP*3 e^tHgw. Ui ( "4u ^ 6 to fro^ -T*fafe 4-2,4- 


; IX - 


y-to 


* s fall4K <>a J j x 1 _ 1 4Z. s4 

1?CV + ^" r/| (0,4l - 0* *HM 1 I 10 ** ^.41^6.41 * fcAtful (til) 


H t = f©M + b*r 
(^ i % Cv<jt^ 




u> C u * y t« Fro^ "T^bteA-*/ T t - t*7-3 t/ A- fe*r * TUu V( T^s 

0.^1$. A*d 

7 Ft ( q^AT- wl l*»** f )U^pA m 1.124 

(?’ 14 £jT* X^7.J(CJ 

Tk«w, Fvg*-I gives ’ZXO.BI, so 

_ 2 . £2 = « 1 6 I- kfl.»" 


w; 


(•v i.rVc iwgli) 


£e) S\-e& **• b> * J - T«. bJ < A - 4- (OO to a r. 


1)ti c^sct ^’. A 1 \ ^Uj f 


U* O 

6*0 UK* S 

pf 


^ 0-a ^Wr#kJwA tug -J e'Tf ’pU-* ai^ 

n ws tW S»^a A-♦*■'2-12 . +0-* +>-<>-*-» v <U»j. j IOO^ 

y f*^ VAv'.'euo f-*-e4f 'aU-pt.rt l 


1 ^D.*~t j a j i "2i Iaa^ 

Va- d»v Uj a* </ ; 4 % k.J 

I'liJXj'ck- IctAjtfv*^ * (O 0 /o 

Cq i -*^ u tt^j J>Kj C k* : !■<: % U*^u 


> l ( i^A ^ 
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VeofsteM ii.4 

foewtsl - Vft ]po r t'f dtt Tt - 2,<£ r^/ V*i ^ 

Q v TiC“v "+^4_ t?M. r-e t^-v 1 £ a ) -K^j JhF-c.*,k^ -f** 4^r^ 

C (o) w-yv^j f f ; t>; |; ^ cUirt 1 j ^<. ) -f^L* R-& JX,“c4s ■— fcuj c>^_j 

^ v<l > Cd J ^ vak iv Cua*.ts e^uafi^ c* ) ■tf-* /<£a*^ + 

A*-> A UTU F . f») A 4 Soo # C v * 7j> - o * o4 1 

p - 90* I b 


C4) 


C»1 C*~~,„.t..-I.h, tM- T,.- ™ = M,,V = «i ,C &-°*'~*'»»0£.,lw«« ? '& 1 

., , n . _ _ W 

oir Vjt Tk*v*^ /_( 0.93. ^ 

p- z -f T = , . ,»r u-. c ,V. ) *_ 

(o■ o*7t?)| io^/*t/k+r\ 

(c ) \j-t u. focU^cA buiimn 5.«[ u« j>'tv> (*^.■+!«■ <4 •.+*_ TV^Jo A - 2 .-^. 


(*0 


p=. KT _ 

v -b 


^ _ ■ (?** ^)( 77 ^)l lbtr /^M K2.S1 w(^,)Ck) A 

vc^+ioifr rf ^ y- i r~ ——r^ “ f/ 

JjP*Mt7)C(8-ol} - c os-inj (?* 7 * rt £LilC 0,7w< ^.JC 77 *^ 

o inv ^Ve*W 

- & g f0 _ ?.?V = 7?.li«r (,'»><•/• , ®") *4 - 


<0 


+i^, v«~ ^ £r«~- A-l4 

77 ^TsLyt"*; 1 '““■ ’ 


R T 


(o-7^ Z7 2 _ e-wri? \ 

v pw^f P-* 4 / 


uW* 


( 0*75"/<f J^2 \*“ 


gq.ir- <»-S * 71.3rho.r C~ ty» !, '^ r ) 


«) 


^ ) r 4 a-+^ ^ ^ V^ . $ ff ^ 


£T 

Or 


Ct3lVfti. Ot 


(' c . C?^< 7 *^/P3 ; 


N^rVT7lC)| fb^- 
CvfC I *-— 

/p>'^ x 


| r jf-fj t*i- 
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PR-o8L6 M If, r 


f<iQ oiu m ; C H 4 ■+ l^-v-c ul^v. p - p ^ 1 * **- 

-k S6 u F, ^ o. 

£_££!&*• Ti*A*v ***•« -b^ 

C^i ) t 1 ^ iv tja^ y#,/i 

ScHgJM^Ttc T C'VE*^ 


4 . ** irt^j 1^3* "H* ^ ds, 

VT>^ufc^ht't_ #f n^jf^/f, 

A- / fc J EW^ C4>*Ujuuj (/ |j//,4j C_£^f, 




I I ^ 

f— 

rt . j H i 


7 


? * i S b <*Vvi 
T- ^b®* 7 * 5< b*#2 

CAvl* M'^-iVj 

AUA^YStj: Tke *^&ss P**c **v4 Vo/uwiehn'c- £(ow r^ + a ore relaf^c^ 


(a\t^ 

>r 

(*») X4*pA G«-> 6^frKo^ : 

W= BJ- O^M^XS^X 516 **) . o.i^&ii 5 

- --“- --- ** Lb 


co 


0 $s tW \ | »f< ■» ftt/fr * 

I M »*- 
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Problem 11-24 continued 

,At\ al\LfftcJ-WA 5ollpfl0\*. 

IT Code - part (al 

H (a) sleam at 2 MPa, 400°C 
p = 2000 it kPa 
T = 400 //*C 
dT = 0001 
dp = 0.001 
T1 = T-dT 
T2 = T+dT 
Pi »p-dp 

p2 = p + dp 

vl = vJPT ("Water/steam", p, Tl) 
v2 = v_PT("WatedSteam' 1 , p, T2) 
dvdT a = (v2 - vl) / (T2 - Tl) 
si = s PT("Water(Steam l, 1 pi, T) 
s2 = s_PT("WaterfSieam", p2, T) 
dsdp = (s2 - si) / (p2 - pi) 

f7~ Results - part fal 

(0v/cT) p - 0.2491 X 10 3 m a /kg-K 
(dsld p) T = - 0.2492 x 10 3 mVkg-K 


tT fvtlouii : 

IT Code - part fbl 

(b) FM34a at 2 bar, 50“C 
p b = 200 U kPa 
T b = 50 !! °C 
v - v_PTt ,| R134A ,, I p_b, T b) 

T1_b = T_b-dT 
T2_b = T_b + dT 
pi_b - p_b - dp 
p2 b = p b + dp 

vf b = v~PT( H R134A", p_b, Tl_b) 
v2_b = v_PT("R134A", p b. T2 b) 
dvdT b = {v2 b - vl J&) / CT2_b - T1_b) 
$2 b = S_PT("R134A", p2_b, T_b) 
s1_b - s_PT( h Rl34A", p1_b, T_b) 
dsdp„b = (s2_b ■ si_b) / (p2_b - p1_b) 

IT Results - part (bl 

(dv/oTJp = 4.449 x 10“ m’/kg'K 
(t&/dp) T = - 4.449 x 10’" mVkg'K 


TUe. I'eSu.lis S&UAu\a CxnvpaK'Z (kOtffulLj unfU ^ lo-P f<£fulfc. 
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Problem 11-25 continued 

l\ y\ £o(ufurvv uSiia^ IT -£o((oll>,s: 


IT Code - part fa) 

// (a) steam at 100 Ibf/jiV, 60(TF 
pa = 100 it Ibf/in* 

Ta = 600 II *F 
dTa = 0.1 
Tla = Ta - dTa 
T2a = Ta + dTa 
dpa = 0.1 
pi a = pa - dpa 
p2a - pa + dpa 

via = v_PT(‘Water/St earn", pa, Tla) 

v2a = v_PT('Wat er/St earn", pa. T2a) 

dvdTa = (v2a - via) / (T2a - Tla) 

si a = s_PT("Water/Stearn", pi a. Ta) 

s2a = s_PT("Wat er/St earn", p2a, Ta) 

dsdpa = {(s2a - si a) / (p2a - pi a)) * {778.17 /144) 

IT Results - part fal 

(dv/at)p = 6.225 x 10' 3 fl*/lb*R 
(as/ap) T = - 6.226 x 10' 3 ft’/lb-'R 


IT Code - part (bl 

II (b) R134a at 40 lbf/in J , 100°F 
pb = 40 // Ibf/in* 

Tb = 100 // *F 
dTb = 0.1 
T1b = Tb-dTb 
T2b = Tb + dTb 
dpb = 0.1 
pib = pb - dpb 
p2b = pb + dpb 

vl b = v_PT("R134A", pb.Tlb) 

v2b = v_PT("R134A", pb, T2b) 

dvdTb = (v2b - vl b) / (T2b - T1 b) 

sib = s_PT{"R134A”, pib, Tb) 

s2b = s_PT("R134A" 1 p2b, Tb) 

dsdpb = ((s2b- sib)/ (p2b- pib))* (778.17/144) 

IT Results - part fbl 

(dvld t) p = 3 042 x 10' 3 ft*/lb 'R 
(5s/2p)y = - 3.041 x 10' 3 fP/lb-’R 


TVc. of 41 ajC- IT sok/.4c<rw cu/t+U 'fU* <jrc^Uic.<d . 
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Problem 11-32 continued 


/T Code 

T = 20 // °F 
dT = 0.01 
T1 = T - dT 
T2 = T + dT 

p2 = PsaMT'Ammonia", T2) 
pi = Psat_T(”Ammonia", T1) 
dpdT.sat = ((p2 - pi ) / (T2 - T1)) * 144 
p = Psat_T (“Ammonia", T) 
vg s vsat_Px(“Ammonia", p, 1) 
vf * vsat_Px("Ammonia", p. 0) 

hfg = ((T + 459.07) * (vg - vf) * dpdT_sat) / 770.17 

sg = ssat_Px("Ammonia", p, 1) 

sf = ssat_Px("Ammonia", p, 0) 

sfg = hfg / (T + 459.67) 

ufg = hfg - p * (vg - vf) * 144 / 778 67 


IT Results 

(dp/oT)^ = 152.5 Ibf/fP-'R 

hfg = 552.6 Btu/lb 
Sfg = 1.152 Btu/lb- # R 
Ufg = 500,2 Btu/lb 
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Problem 11-33 continued 


IT Code 

T = 50 // 4 C 
dT = 0.001 
T1 = T-dT 
T2 = T + dT 

pi = Psat TfWater/Sleam", T1) 
p2 = Psat_T ("Water/Stea m", T2) 
dpdT_sat = ((p2 - pi) / (T2 - T1)) // bar/K 
p = Psat_T{"Water/Steam", T) 
vg = vsat_Px(”Water/Steam", p, 1) 
vf = vsat_Px(“Water/Steam’'. p, 0) 

hfg = (T + 273.15) * (vg - vf) * dpdT_sat * 100 
sg = ssat_Px(''Water/Steam", p, 1) 
sf = ssat_Px("Water/Steam”, p, 0) 
sfg = sg - sf 

ufg = hfg - p * (vg - vf) * 100 


/7 Results 

(Sp/cT)** = 0.006127 bar 
h f , = 2382 kJ/kg 
Sf. 9 = 7.372 kJ/kg-K 
Ufg = 2234 kJ/kg 


TW [T nrsulfs veyy ^ ^ U)ouifU 4W EaUe. . 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





PROBLEM H.34- 


I Xf J | i A t tO ft/ ^ kuduin + Vi^ ^ Pf. 

c. f lit fct < G*u% Ir^trt't *W Affy^y H*jp ^C. 

£Mti1U£gfl4UG- Ci) tU± rctfl^ b^/Vf3^ 4 * r s pft^niiu usS-H*. 

Y**-p<ra\u.rt oi?rr j t^r iA+*<-^ fr*^ fs°ft)l£j e ^ (x) ^ t** W* fj^&ir d r<l*tfrt tu 

Vq j ft^di v^ fee cv*(*J*t**/ yci^ a 4 c*I j*j 

A*J*LVSfS > *-^E a* T-**^ 7 3"/*v /ict - 33. f37 fetfiM 

tliltfLJ + AlSU**/"} hffl/lfifj j% <^^14* r. t / , / A 40 JiV*£ upe* 


K moujnj : 


G*p)«t» iu-jui 


~ r - 


Win*. dfc-U T*.ist-« A-(oE .+ to»p 

- f as .$3 ss te 1 
^ ^** t ' [Xi"™™- o ■ •»»> (*'/*] 

, SS 77 Mf*'** 


i84»- 


1 f4 L 
l4+T»t 



A-t 10*F j Pr*r+ 


C#4“l lbf7j h \ to 


&*«*•*>* W.fcJi+?-W» a I*-SM Vtf f { * 1 ' ^ 
Tuic voX^t ti o.Wv7 I- B Vo JU« +L*~ -H^ -f—«*JL vaX^ . 


Hc+k* A ^ rvA-jf hft* 'Z. / £ ^ Jf< -40 «rw^ tut £*ftUfFk j H» + - 

Cla.p«*ri.* Svl'-f-t ^ .•flf'jr-tFlh, 5 !>«f 




1 

T, 


7 


TVfl 


X- ^ - 

ft 


_ -u „ x -i/j.\ 

f lAsu few. \ l 470 i 

ib.'R.) 




- I -L7 Pi - 33' "»f/.V*- 


-*j. 


7UI <1 a-Vo f*ie t*4We VAlue 


HUofioW. . £v«w 'H'-oia.bW "Hx fl-sju^pkoKs arc. arvUj s,<x+U£i<r£l c^tpron tvucAeL. ^ 
Std-ii-budfQ r M results »yi obkiw^l wAk-s kxJfU vu^tWls. H*ceUe«+ agreeimeu^ toifU 
+Ve. faUVs. ^iloe. is c^ckitweJ! lurVk HVc {JpUcum’k^ IT \?bseA oa i^^YeitUj 

6^, tlAO lmVU*w^ *vutkn*j Ike, oSoo'ie. u.s5mup+vcn*s'■ 


(7 Code 

hg = hsaLPxfRI 34A", p, 1) 
hf = hsat_Px("R134A". p, 0) 
vf = vsaLPx( ,, R134A n . p, 0) 
vg = vsat Px("R 134A", p, 1) 
p* Psat_T("R134A",T) 


// Clapeyron Eq. 11.40 

dpdT_sat = ((hg - hf) / ((vg - vfj * (T + 459.67))) * (778.17 1 144) 
psat = lntegrat(dpdT_sat,T) + 26,651 

JTResult (SweepT from 10 lo 20T in sleps of 0.1.) 
p sat (20 a F) * 33.14 lbf/in. ! 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



It. 3 ^ 


^ fo Omt-4 . d| ^ ^ Ft *1 *"^" t ° C ^,r *, l£ W_0 t-o *\ ^ irwn^ ^ -flA t&lff . 

£.t.^C> ■ Pi*r *-* To °c* Cjo****** ***t <=> ^ ■fw^ a.ecw.r#<_y <£ rWj 


+w 


6N$wsertmfr nopei : t0 tkt rttKo d**-r ~*t- e.u*.nj« r.jK-^i u.*i ^ «, 

*- in K^ 'f^-cv^ ?-C C* , CtJ <la:^ 

r ^ K * 1 ^ ^ tl» j '°^ c*v% ^ C(^4 (v 4 <^fr * j teL+^Jt, 3 0^5 u-* <ij_J?. 

A *Q A l TTf f V ~T~ p/^JLa A -|5 ^ i v** X-k ° 

^iw.stnb^ / a. »/tC7.T P3/JCJ 

* Lu.‘Aw a if ly^A*^ A ^ CO * 6 j, H* ^ >v*o firv\ ■' * 4*^ ra h' cw 

C^pW ^ ^±£ : / ■ lfco 7i:J ^-J > 11 I f ) 

■v-f^ t, v^ o.irts vhIicj / Ji*;r ^Mfy 

- I. 2SV b <*/- 


^ Pt*^tit> *0 ~ io-ic. oi -+■ (■ i.*T- tf. fc*J" btf-r • 

„ . . - . _, 4~0Jb uvUj ; If b8i>S'bar -Ku i <? 

Lo r *yj ^ i ru. t~- 1 7 

,, * + ° C '*" ^ C** VOr W ' tH ' 1 *-*- 

r( .« -K rvt ' 6H ■ u_< l '* £ -^ o-! inff^rvifi^ ^ 

C(a s - CL#^» rws a-juonoa.'-i i •> V 


-^Vv 


ft- 




1 


I ) Co.1 g^fct 'V J_ _ 

AJ.*~ I ?6SIC 

.(7.04 P? • K- y V 


— \ I* 

MIkJ j 


t? N - - *» 

1 fc’TJ 


^ = /-// =^7 

^ f 


p^_ //.r6« 


£Vtf*\ ^l<OK^U -Ha& 6-S$UkM^fltKHS (Vfi. Ortto & M-tf £l<f| 0-^p (TJ * ( , 

u/a.tfovtj v^rsu.Cfe are c^ftUn e4 tutl^bofU £>icef{eu^ <x<? reefylet(t 

U;i+i«. Mole value, ts aclucveM ioifk +(cc-fe itoaxKg *T afiproack fe>Ar«<^ o^~ 
£ 4 . 11 . 4o cui^oi^ v\aclU- 'Hvfl. c-heve. ^-c^u.t»^piiovv5. 


tf Code 

hg = hsat_Px("Ammonia", p, 1) 
hf = hsat_Px(“Ammonia", p. 0) 
vg = vsat_PxrAmmonia", p, 1) 
vf = vsat_Px("Ammonia", p. 0) 
p = Psat_T("Ammonia", T) 


// Clapeyron Eq, 11.40 

dpdT_sat = ((hg - hO / ((vg - vO * (T + 273.15))) / 100 
psat = lntegral(dpdT_sat,T) + 10.3602 

IT Result (Sweep T from 26 to 30 in sleos of 0.1.1 

P«u(30*C) = 11.69 bar 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















Pp-oSUErM J|-3k 

ICNIOW'N • "TV'pie d a+o. -fv n UjtK+t r <xf<L <* voU I -\ i/<? frcn^. T^-W? A~<o£ 

E- Q • £fKmk J3v> f. O 0 CX <1 C<3 twp oi. t*» i -^tv. +"£»-<_ ~tm_t>( e b' ft UuJLj 

U/k.cU b« O.OOI<f I b-f/, *"*- fV TVfef € - 4 £ . 

&N 6 WE£ ntNQ fflOPSt. ; Tke-Vgiut ofh',ei& < 0 P*JtWvf' i * 4 * »♦«*<**•*+ •£ _ 

■*- <-•►'. r«.t *-*„.*, / V £ e„C ,' U 

fo V* in + ju. .■//r ^ . .. . j i J 


AWAL-VSIV. 

Wi4K 4fc« A»jw-pK 

©HI hi 


^ dT J, ftt - 

kl 1 - 

(pkACK ^n/*t 

V|xn m+* JrftK‘ 0 *' 



L~ R- _ 

Tv ' 


w;4^ 

"7a tig A ^4 S ' 

Wi *s = 


d-i] 


Iw. ^ - 0^18.7 BWtt> ) r 1 _l_ *| 

Pi C L 21 k SisA [w°K 42 o*R 

igbCa V*fO w ^ 

=^> Ji. = O^lIZZ- 

Ti 

- o.ooi8S 

T) i S ou $ Cv cryA ; ~r ^ V 0lX*aJC_ ^ J ^ . Co , f •+U "t^M_ 

wue . T^s WfJ t*JL«l Cu4 C 4jWMy /rrv- 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 











PRoSL£M 11-37 

Kfij&uuis. ' ^ 6 fl C 

v; - i.o'M/lOo '' 1 i*» a f *3 
V| s l-CQO'Z. 

Kif - 3 33-4 P-3 Jfc_? 




E$ ^**-0.4* 4 k "'*- l "Vi *\«J 4"C a.hw.^6. O-f- (■*■) ZSD b&fj Cb) "6" 00 l*** 1 *. 


Schematic ? Cnj&v ti^’M; 



fVfl’f 4 0 f< 5 _ 


£EEfliAJG- MoD^ j tj,Y >v&f Vary £fg nt-f Jc^uvMy loi^+^irt^raA^. 

' ^^41a 4^e (► htanv Ej I/-4J JJfvej L/pdu *'m f»‘d* 


^F> = / idX ^ 

V*:W y 


or 


’ 33J.4 fc 3/t$ 


1 — 1 

ju 3- 

f y.o«i - 1041 0 '*i 1 

Lv it* y *j 

J1 * a * 


T, 


4 p 7 ^-J JU it 

r ^ 

A+ o°Cj 4^t p^*^« f * **gl*v* 1 * 'tufiV* ^ Pi* 

t*0 p^ * i£Pb*r 

JU T*- _ ~ ~ >-SP — 7i* llf.^H (-!.&6, 0 <r) 




»?s.is 


M -. SCO b *t 


JL 


2h - ^ T t -- ■u'T 45“ t ( “i. 7 *C) -«- 


3 lMf ” H ,*’*' 7 


(W 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBUE Ml ti 3g 


i\ [ ' Bis kv-i u f K ^ ^ l t?A d a re_ 4 x-j, ,£'(„/ /j j' "fr\ v*\ ( ■# j u ^ r^~ Co*i t f d b o L 

4^ + ~i^*L itne 1 reprefwhnj -f-^t 5oh d - t w d 

c ts\ ^ i'h-a p i\£4 J ■£ dj i+1 "/ 0 V ttii- f * d t .£*, t> f ^ 

"ft- r't^ht' -ftir* 

Sc^t twA,iic r G>tv%M fcATVU 

Bi'fktiuik i 

V t 

p 


Ak-JA L.TS'J £ . "T'I>'V‘5- kiikj tv jdi'tin on r* B^ll-^l 

Am _ * ~ h 

vdT7s*t T(v"-v'J 

UWf«- ' mi.-J a^d " ^ e ^ fer L*j v ,<1. Ai (jA ^ 'J ^« ul< l ^ f*" ri '^^ 

kut, -S lo p<^_. J^. d £ r w-^i ki < H ^ “F i ^ p'*' ^■' <ATiJ4 ' 

TKj_ CfZC. boots. jjl Pk-jTf'cj: / 37^e<J. 5 ^-f 

*.. ^ ^ C LvC dut ^ ftf ^kcf^d 

p r 2-/ 3 jj - Rir* i ^ i fj yf^N,-- c v * J- 0 -r * fi‘ u *1 

B l A i*i \j j- h 1 C tkJiw ^ e f'n =“ ■“*£]. oc? 3 ^ 

L-e* d r . ■’ *■ '■ ' ~t 0 . 00 i *t C«*V J /f 

A c d-* *j ^ ^ (^ ^ / c/t ) C for^ ^3ri>^?u'f^ GJ. P /^ T ") FW ^ O /-£ r { d ■ 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM 11* 


K N b » A J CKimV o f -ffW* ( «7 u * / "ta B& j'j ft **!*J t o ix\ > m 

fiV k . ’T^t i^tt 4ek**ptrsi4tfft /j '-2. 0 C r 
^ 1 M 0 v 4U| ^ — v ^ -bUl -J k*. w^r of 4 

tin btfert +ml Fee. f* c^i+k 4 ^* nj OUl id i*Wt< 

SCKgHnTi^ ^ kftfg^ fr*r*: 



CO "^G fee ft u* prr*We *t* “2. e C (T) Tk e ( 0 **{ flf(f |frpfi^ 

o| s -/S 1 . f 3 j At 0 B <“, h;pj?!.4i!^^ V„*= M>fJ/*K>-M*A 

^ = t.ewixiff "/^J *.4 v/f rr*.*,* ‘-»r+L l iv^e, " 

A >ofr LrSiS '■ As SKbujk btj +ke p^*Je cL k a 5*Ai*y «*** e tv M j ’Klrc pUit iff tie 

c**^« *k -hk^ fe € (*t -^€) uitntW e^erc^ p ut (.i^ 

"TV^c pftwuft ?t**U**0 tfch Cj-* e^ l *mW vtfKj 
a S yi h t * k x %f ah4 v^ e&nrf*i*“t Ejwf’+t^ H 1 ^jj’t^ **^ f he, 

jb-^jp h’ciA t>««*w#i ok i m. (-*yr* fifc* 



ViWej -fv^ M-; t<V V + +^^"5 T,^Z730rt f t i «Mrt(-iocJ 


Af ■■ [Q»“ <8 / 

1 

IbQQH'y*. 

r S' 

” 


t X-7I.HT 

l' 

^ ~~ 7 ^T A»i 

Fj 

to'V/-*' 

1 zrtiir 


S^ci, p J#kt C 0*C5 51 o.fcf Kifft- ^ &* r 

pfttt^t 4TttrHdd^ fee. **) Me ^«v/<?ct^p t ft*d +K*. 

a 4- imp ? p fc e r < i‘ s 

P- Pao t- m 3 

A 


4fhef€ A Ti -fht H+M Are#* of- Me fi'pl A C-U*fr -4j j 1 h “TVve pres ST A f€ p 

CA^ h* vu* M* 1 * i"y b a f * T4 u.i ’+f^i -h>f*A &r*<k_ A i* j 


tr* 


b*r s /♦oljftrf'b**' -* 

A w . * (l-U x' 0 ** 



- 0 . Mi 




Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



People M U.4-0 

|cW6u,»N '■ Ovir a. itt*pf/vW€ r>+«riP*f +tv% ^N^hoi 

tu^e ef & **bc+*ncc is r*pr*j<fi *** frj? 

Jk Put r a - ®/r 

A ft «%4 U (.o^Ka^ ■ 

p(wO '• CftP Db +»< <\ jiff tit'oAj K^f ^ a*A **i "^ -,,fc ' 1 ^ p'^-T d ^«- ft^tf "B, 

o,) u^j ^1“"^)/ d ^>-* N-j M ^ v * 

SCHEMATIC T £lVEN T> ATA : 


<- t 


JU P,* t t A - a/T 


♦-P 


AuALTMr. f6)TKt CUp *^rc*i e (ji u d +Co*i 4 *.tf t 4 k* -Xor^ 

r °' ) 

To obt^.v , Aif+f^^Hlx+e -f*ie ^i^en fvp<*i**“» -f®-- k PsaC 

— (.k>^*t)«. -+■ _®. 

d-r 7 r* 

x aw _ & 

dr " T 1 - 


or 


(m t ft.t(r) % 
Wt J“t t j_ 


**) 


(^v*« b**u "J 11J in^ l^ - ) 

V\fg =; P ut LTj V^CT) B 
T 

tv*k, *..•*»-fcr »«•■»*« *+$- 'Yj/t 

? f> * P« >« W Vft<T) B 


c?) 


C4) 


y* 


(jpJ yk^«Upd u rou_tVirt<P.r „ va Upi qJ^. A ^ ftre fakj*\ d 

So fU^ 4^*^^ <gj QD 

- 1 " Put = z?r?Ts?3 ~ '’skiUsL?- P ttj T.* fc) ts O 

T 

w.‘+t^ g^, (*), 8 $ro~ e J. crj ; a* d t v * w 'T*XX< A - J, o-* 2r®c 

Wxa - ^ ositf 3UO r ^.X^ S ?r1 1 * 3 I : Jm.H £| (+*W* * ,M -* : . 

© ^ ^- fe-l ^ **«■•»*) 


S‘n*-;t<vh , *^t+) 

do.oll^xioSKdV.^S^StSl^Xl) I —. 

'h ' -u«».ir)‘ I 


S, j <3 2_ t 3 / M- 1 -* u '■ v 

|.n«* «/«**) 


t- Ta+Uas (oS£ ; Gxc «H«I«+ rrc»<e«i u wi'fk -S Xe*+e-t-t< d<t.4-«,. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















Fftoeten 11 . 4 / 


ICMoutu • Data. fov- w*Ur «w». T* b It A-I (s ixvaiU^lf r 

F |Wt '' Da-Vt*-.**.*** +Kt c o~l+* K-tt A a*d 6 -to g I* re +(v« b*»t fit irt -v. 

ieaih-S 1UA r« s««,t t« +«,« ,^t«r M | froK* -20' jo»c b 5 + <,<• Z umti ^ 
l " Ft-t* A-B/T- Us.’ng+u.s d t 4.^ W) „ e d P,.t/tfT *■* 2S9C. 

c^icoik-fe xr 0 c cou~.fur* ,,*| uf 


Analysis : 

So 

(XfcfAJ Cotvtpuf 

tr r*«.k**i t 

♦At va Ui ej 

& i* A A*\d 

TJ a rc 

&r 

^ Psat * -1.^172$ _ 

3 5\ 76 79 63 

T 

Cf*a t ! bar 

, T: e C ; 

t*J 


-^Pwt* 2S.fr* S*H~ 

S2.<W.bX 

T 

(pi.t: fi j 

T- k ) 

n; 


-Uj 


R*t = «*(,( ab-.*irq 3 - y*rc-t. 2 ) 

TW V T J 

* P *-+ - Sv«H-*l # / zr.ttm - fcT. } 

d*t T a. “ l T / 


At saj.iik, JP t .+/j TS 1&8-68 P-a/k. 

g*. 11-40 A~d V +3 f.ow.T.blc 

“M* T *»&)«. 

- 43 3^0- f-ooz 4)^fcjj^ /8g.S8 «/*, 

- 2 441. 7 ^ 

TVb(« A-l 3 ,’y#i 24AI.JJ K3/rj. Ac<*r<L'^l^ +b«_ Catty U+f <J «kJ 

+*.<ol*. ^o.Wc{ of. <<«. txlttmil^ u. <jU . 


MUi 

/ | Id 1 //-*- 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












P Bog Lf M 

n. 4?- 

M QU*> jS ‘ 

TV\c k 


£ U s i f 

F^E> i 

^ Uy U. 1 


t j £ 


i 


q f v r 


'Ll 




■ ^ Ik E 7 * " T f J 
TiLi'i; 1 



M AuTJ l £ * Usirtjj -k^ e^c r fj ow 

>« Cftat,,) = /I ~ 1 i? A ^ J-~ < + 5 


A - A Ut(W ) - I»CP^>0^ T ~k 

*> M&r*)- ®Lt-AJ 


Clq v^ -- 


-"3 


i-j (.«*■< -"t 3 A 



A ~ JL 

Tj 

^ ( 

•£*-« 



j 

( f\ 

/ 'J 

i j. 

t, t l 

t>- t i 




L ft~v ' 


- Tj_ 

T* -T, , J. 

I* 

(rSi) 

i j. 

T G 

Ti - T, 

^ Tj 


Tj-T, ^ 

- Ti. 

~ Is ‘ 

n - t, 

Tt-T, * 

1 h e f^i 





U / ’ 

L RJ,I ■ 

J , T JU 

/ \ 

L fw,! / 




P*i,l 

r 

' L ikij 





PWj f 





^ iJj ft- V^pCf*^ 

G&tlS fa ** + S. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM 


i r 43 

K WC u> t\J ' 'Th £ rej utt &-f P* r if (A^/d, 

F /a/ p l^vmj tf *v, ,>fu^t. a!a + t\ f^c.v* ~7Zk tot^_ A * 1—^ 

( * \ < V*i I wa 1 <1 *A 3 & ° C £i »a <i ^ ft ^ U> j tl-% t t~4. + *. ti (a /#. "fa* d l/« I 1 w< J 

(M 7JMwf o .oo6 M ^ ^ - + k ^ ^ u ✓ I * i rrf */* (« ^ 


A A** A l T f i £ * T ^jk. re % 

“«* "I 

P^ tsbie*^ lh *4 


Pf *1 j 3 

Ps«t, 1 

. f l** Jk4f 'T. - 

Tkf-J-' *7 

Ps-r,! 


J 


60 // - 2o‘< , T L : 3 o u C , 

~/~l - ^0 °C <■ Ft'hJ’W 

Ta /) - 5 


fV*t j I - *> 0£ ^3^ h^r 

fW, j - £J n? U4 



■n -T| J 

3o3.nr / 

3o/r L 10 

A c * 




Pf**! i 
hUj i 

J- JL-~ 

•t- fVJ.I 


PU,1 - 
iWj* 

/. fe/6'd 

TfcWt A- 7, ^1^4 

Pj-J r V 

s 0 0 4 2. +4 *>►<• 




^ K (o 0*211 - - ^U— L V<««0 - - o.u, 

0 o *t 1 *- & 

(„•) 7, -. ic°C , f x - o ■ o ot>M<v , Tj - 4o‘•C Pf^^i «•"* Ps- J <J * ,{ -~ f* ri l*)- 

AC Cv ,' 'J 

\ ft t ^ 

i>2 T?-\ 7 - f iZ-GJ*.? 


u "i 


A-i 


I* /A*^* \ 

^ <w,f / 

t* Ti. [ 

JD.is- CV- ^Jii] 


/e^wq 

v ^ i>2 m y 

i~ I ±22. ) 

f 0 <a|H 7 




'**** d '3 y « 


2o Tj. - 1 ? t. 

i (j.d'LT, 

^5 T t : ^ D9. 34 K 

(■>‘•■‘1 *0 ^ 

T = 3 6. • H> “t- T •*-> 

p r r<^ ^ ^ C4 J n 

i/ - f 1C. <4 - ?C <C 

o. og 

/ ---, 

10- t L 

f 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Problem i 144 

Kns F buir cxre tJfKM 

Uf*«j d*+i>N ^ f^e. r*L K o © -f S^/>c ^ 

V a-y^ev- ijiW^w | ik« fp -jr ^ f J o jo * o^ r ^ fcj ! ■ * |i &*+ 11 nf . CH ) O ^ <a T- f <L* *■ J r^ n'y 

X3 kouj , T u v*' V -f1^» i/opt ^ t»- thsi^+ rp * c* j-r'<L_ \sq( Uv^> / * ^ a Fv +"k* ^ 

-+**-* &Up# cr^ *- tfukr^ InAfl -bU-rVMj L f€v# f p € j'4. 

V S W-Cxl , (c) Fojr AH H - £ ob e<$ f *' ^ 'M u -w 


£Sw W v ^-o t <> W*^ ^ p_ v-T <J-HP. “Fov <7wJlj # 

PW" a, p~ ^ ybK*K tt i -ppy, Sfof?< *}, av-t lSfh 


/i KJL ^ V** v '^> ^ p - V - T d #. +sk c*Ju^ 

A <o A L V $ \ % i Ca’J Ui*w\^+»a^ rt^ ^ £^,j l.^fO 


p* i 


i Htt^^c 


( 


dp) r -L ^h 
dr/ut T ^w 


Actt/i.v^ & t + u e_ +*'■<'p It p o fn t 

tvipi. t L T/Ltf) * w ^3 

Up/JtVi 3y fc p Ej- *f 3/£v,-v ( -J 

Wi 4K fclt 5 ^*i, 4 A» (* 4 t 0*01 ^ f 

Up /<*T)t,t3 c^l _ C^&31- Zlffaneo-t'bW ) _ / 134- 

Up Ul)ut3 **p (3.S6i.3J/(ioti36- /.ocoa) 

CliO Wi'KEf ■ ll-4(o A»i II-STT 

(fcV t - SQ. -f 

or, uv'^ e^ if*ir 



Cx) 


Ok r*.Kt> 


&r\ : % > fe) f i ^ 

(^-T/^^ a T/C r _ C 

T/ C P " 





k > f 


U) 


^c)ftrtdC<i) h-lA AJ^wi ^ 

db S TdS 4, vdp 

Tke. ?vn.cKon InCtjfi) Ji‘wet 


G^ C*vw ( 'i(rt 

OU2fc); 

<j*-i7).- 






«) 


(^p^j " V 

W‘K Ef^ - iMf | if ^ ^I'wej 

(^l) * J 
V^kIj V 


W) 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

























PRo&LEN II.+S' 

k NOO>M * 4 . 1 

7~~ m ? “• P '““ w 70 Ibf/.V, 4ff l + iw/.„ j , +0T. 

S '"l p-v-T d«.+ «. ,«v.1wa(c «.«< 

*+C\ \Mlwe£ 

SChfxMATfC r A TA : 



A MALYtn; 
rtj*‘e* 

fcl\ * ^ 4-v k: 


***< 4+Mc* Und«f* COHX I’dt^a-fr c 

. .Kd pr, t su,«. Cfctv , . . *'* '".*** »*•-••«« W v.^d. 

^ 4L. j_j_ __ ^ _ *«Ut+*d *1 ^ pr*p*+h'+f 


© 


4 Kr t ta t^ 

4tT > P«.) - S C$ P,)s 


TK,n / E?yi.TS oJil-to 9-Vtfy rexp^ehvV^’ 

ft 

K 


K(T ' '*>- JCwiirt- (T^jjcp 

ft ^ 


<0 


f*; 


Co...,«. ... ... . M|ll< 

Of pre«-.«. ..+ 4o.f, o.« n~L _.. c , d.+» *, .., 

rc* V d rc^i * A hu ^ j J o ’ kA 

1 j ^ fn c ^ i —A p ^ o Cj. ej.drt r * h r , u J . , . r 

“ *-»•'++ 3 

Q b W-» aU. >-<. c.4 1 L- JI l [ * h[ ,. * 0 ^ 

7 P" n^d. +^tie a j r^fpcch 

14. 4fe 

O.lioi BW^' 6 ^ 


*H*rc.i, M *H 6 w,-Kfl -Hap. |»Aop«. r ^ C^L^-r, t. J?-« -few^d vu'^ e «fy 

n trvM appr^di'Jb s «-^> 


,f Kfcrc. tatj Af(ouf|\^ 
P~v-T d<*+*. TKC.5 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















PROBLEM M. 46 

K ftJ QLi-‘ N Ar iA, ft* iiy OCCi*fl,1rl CM C H!X <f i V* e# |- </ <>. 

ft ft kJHrt . T^il U + fa 4t i J f ^ d Phe. p t +r ft' ft |‘( twJ b H(» (V $ 

Av d S ^TJ -f j 1 / f *f t* H ft f 't f , 

|P / ^ 1^ F(i^ d ^ ^ fl Ml IP-J ^ f r f f ^ ^ ^ ^ iA^> ^ ^ I ^ ^ (0 + J^-H. ^ n ^Hfl 1 * ^ ivl/j 

^ f UA fi tM rj^ £ ft* 4 c ^ ('i ,1 t 4 P**4 *J A 1 d # / 

rCHfMftTiC r IMT* 


jr *■■ 

A c « a*i 

* ^ 

i iOOK 

! 

1 

1 a^jo« ; 

' T; ? i 

; o.i*,3 

o. i tv,’ 3 » 


0.4* 1 I 

L 

, 


"-.— — — — — — —! 


I n < ft> ( A n ^uL 

gft^ 1 A;.~££ig Jj \lff- 

*H OD&L * (i ) Ta^ X kc ^ # i 3 ^"t **v£ fn ^ s*.^ e . (2) 4 Kj $ fri*^ Q ~ ' , JJ'~ 0, 

KLv^fKc ptl+f^Ke** <? j'fc C H af€ j & 4 4 **-* Dft/'/thO'l C A mt b £ I G. 

(i 1 ~PKi & r *i L*+ i J i^-c ij | v d 'a mi 4 4^-l. Van. ^r n P[ ^ ^ t" 1 * X 4 ft* 1 < o. .a «/ 


, s r i , - ^ . .4 ■** p^/ 

(il Tk* drijt^ i I 4 j I v d bn 44u-t, Vuk ^rir* (^ddl.[ £ ^ i>* n d* 

^Ke ^ b ^ t t~t M<z*-t a r 

A ^ A u, T'X { ^ ^ LJ f i kv *j 1d*. e < d -ft ft < 

Zl - Q J or i'mCi At if * e J ^tLr O , 1% t/j * * fc*A * 11*^ 

G> ® ^ 


H *1 ^ A /* ^ ^ C f' ^ <L^£’ •* I -^O ^ 

-r ^ ^ j i <■# ^ 


' ^ 


^ u : 


f c-t , j f aa- 

G> 0 


f>^]dv- O 


CO 


R T _ a. 


• /* Ia^aU , S tnce 0 • 

'-- l -- r V-1? 

on/ *» * te-^-- s-cs ->]= s 

“Ti? it *fw^^ K »jft t f (ft t ^,* t*'rv f c 


Pt)t* <4 Ct fi.^ B aj i 


^C c,, ^ r ^ a/Sf'lX =*> . 3. / _£ ^ = O 5 £j£.^ 2. O . Tiu'c ■>>1*I>>1 

““j^/r ' ir ^ Jr JrL’" 1 ^ ™ h 


C tf *> ■- <i-»-yf ^i d-. 4 ^ ^ Crtn cH^piin^i OpiV^- 1", ^ < c*f r-L^^ ^ i/ a#v 

Lt Wit.V\* i s t bjt l i V* ^ l;C^ fl s A^ 

A rt(d | ^ f ^ jr<* h H J 


Ti- T, 


t c I v d < d ^ £ V - .^1 

Tn WrK^ intc E *1 *■* 


a r - a 

J- 

—J 

1* 

0 

- ^ i 

«J 

^0* \ 

1 .11 

ap 

L ^ V ‘ J 


H'-tS \ < ... 

-- '(=♦ 

■3 ' 

~' ) u.-i.l 


L I j a * 


a fv t v-v "T^toU A'l 


\jjv+^ Y| t 0.2 bv* t /fcK-w / g i : 0 p 4 W ' J / |C 

r t -T, '- ^ [ S3I 1 ^Tp:][' 5,K J f +i.t^ J ^- l j[^ “* 


rc«*-t I 
> 


:i41< =S? fi - 5-7 I t, « 


. .d,o ^.-.« P V I*T^ J 6 p/JT^= Rf/ -" J r^^'-p] 10 T*"* 1 / 

Wlti , tv-.r/i^ ( e ¥ t.) 

1 R[Tj -T, ^ ^ U Tl = T; ' ^ co ^ " 3 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























PRoet-EH I 1.47 


K MoiuN l A 4m o h +yi 4 C ^ (j<t fi'o *\ c ^ Jt*. p C ^ t ) - R T 
F ; ObH»« +Ke r« U'k'o^Jk *p bf fw f C p flwd CV ^ k/X geM « 

AWAUYUi: 


Me+JW_4 # Uil ^ . N. 47 

C^V* T 

TH* ^'VeK ef xt* - **- *■*•* toe r<4rr»>^j< «l +t> re^J 


<■> 


p - RT 
r V'b 




/V\ . <£, 

UT V v ‘ *° 


Cm b' i**’ ^ j £ ^ % , <. l J o w, H (1) 


to s H 

l 0v Jl yn,to 

_ ^ S-O =*) u.« w* IT ) t 

S<» (t K»u-tp/ ^ +*e A»4fc»W* +***t 

UCt, p U utT) -t pv 

TK<o ( liMtc C^, '. <*<«/»T)p 

a~<4 Cv - <W<fT 

f„. i UL . 

C P- Tr 

^ 4 ), 

Th« c^uch'is 4 SFo.1* e.#.^ 





m 


© 


v*- B *b <&) P e ^ 

*T* i'*4& » (1 } 

<Lps.« % ,-f P (4') c R 


2. . UiiV, e^• ll. (.8 

■>-<---■■(£)" CSV 

^bovt^ 6 v /jTl f : P/f^-vt vs.«a p^-pT/fv-O 

Qfh * ~£ki'- 

Col<*«♦'"*'J r» »«i t s 

<*-«, • - t (tH'cK'O 

' - T {.T^)-) -■ R 

C*> s. Cy 4 R ■ * 


Or" 


I* J Alro ou+ Co^c / u^ k oi^ + k~oob- ■ 

^ j U, j CCkn CjvnI^j ifk h^-perAvfW" <, 

"T Ow-t * t V C ^ ^ ^ C 1 p ) C c*< r\ q vU^-j ^ A. r ^ ^ 1 ■+-€ 0*3 (a^LXA , 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 














Pj2.OBi.6M 


K : 


F fioTy. 


Th^ 


p - v- T ft Idh'on f© tr c\ 



14 


u/K*rc A g A/c . 

•#/>»*#,•»** f**~ Cy<.ft,T) ~b(?, jT)l ; 

(?(P V TJ -S^Py^J . 


Atj *uyf if .* Aj T p o .re +ke I'ndr >vi J>r©p#rfiVJ -fU^-t f>» -tk« i^*Je 

«.K fl a-f S+tiic ■*.•*}/*'<>X ik * <*/ £^f. II-S'*) tt^ill-fcO <*'< 

Cor\ yf>vt>»\ t t> i/fe. her<, Sack #-f -fneje rey o<r*s 
+ ^« 3«V« of J+V--K 



A_ 

RT l 


Tki«/ £?•" S'* 

© s(Pv» T ) -5(P.jT; r 



* - R4 "t - ff.L'«~'0 --* 

SiwmIaHh f E^ ' ^ iVCf 

r ^ 

k(^T) -M»,T); J tv- T(^3 Jj, 
ft 

M 

5 l f %- rr)^ * --* 

"TKa^^ f u>tk ^UipU* 

k(fV,T)-k(P ly T) - (.UtP^T)-ktft,Tjj + l P t '/(P,,T>- P, V(f>,,T)] 

L»-fJ(P,-P.J * -IP.,T»I ♦ k[ «£•* 8 -£]-*.[.£ -8 - f 7 ] 

(*‘£X*-u = Ck(v)-kC? t;T )j * 0\-*)(>-£_] 

,. uU.,T)-u(p.,T) - Cft-P.)[ -£-| 7 )j 


4k« /*H &tt. at £i>ted 4cn*kp€^*h*ir^ + **'^1 

If 39 UtO *y drop eu*C fOH Ji flf < r* Ao* j 4 kfrc fry *ltc 

+ ^C f t^Vi^ (J prof»r4^ "ha b* *vnlufrl*i iV + tr**J o £ T, j T( j Pj j am 4 p 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 










Problem H-44 


TU* * | w «k-h-St-Me i'-c. +1 m i/Andi/- ^ «*(i <•; ua h' o« f i-A. 

Kujo«^ ua f> on ■ 

P P *-* ft * Ft>f e* 11\ ^ *■/ d c tw‘*i q, L*' v ^*-*T)~Vi£v'i V v ^) " 

uCv^T) C ^Cv/i^ T J -* (v, jT/J „ 

AM%U1S\Z ■ £■*-«-<- ^ <^ 6-U^ 42^^/,'oV ^a J^SfUrc^ 

a,»\ d 4* **■ p< r *- W i" £ ■* & v -e i^w' ^ "Cp U-^-j, E ^ t. / / ■ 5"D * * d 

I h n ^ Ui^Lu Cj Tjl /VCLA_«J 

r v - 

uOi.jTJ-uCv.jT^ t x ^) v ~pjdv <■*) 

sc^jT')- stv.j-r). f v «- / ag-j 

^Lf. L OT f)f 


At W «^Vx e-#^ Vi_* i/i*. d U. tf * H ♦£► t * 

Vii-U, ^ (u, -U, ) + t f> v V-, , P, vO 




<U 


a - ) v«M a»v IjJaaU Tk ‘1 *,V,«*•«»« i\» «v^|.‘t.-t /•» present.* s» 6 p/3t>„« */f»-y 6).f0 


+^i*s b* u>«' 


“"•.”■“<•■,’1=j(S-p) <> « [(&-(&'*•■))*'' ’I* 
a-i) -- 


S* Jv 


*i 

^ - Ck 


id u*. 


TU^t 


kCv.,T] - ^Or,,Tl C P(V,,T) Si - ptV./OY, - ®- (y,A) -*- 

AIS^ £^.(t} b*t*n«*j 

S t*,,T) - *CV.,t)'- j^ )</v -- 

(&) ftc <UiC*i ^kux^j ■ TVu'j e ? o*h*u*/i cvpU'ttt * v * = 


dk 




a>vtv*friT 

u 


3/1 


. £ ^ ■ CO b«? Lp * 1 


TWi 


<.„T, ..W,T)= 5^ , - (ft- r! ^„, l ')) <• 

v i 

k(* tl T)-Wtv./0 * p(V.,T) V* _ PCv.jTJv, - ^_*=- -tu \ * y»") 

Ik T V * L Vi + lo 

a;**, e v ti) 


du. 


-dk 


*<**,"!) * \(*i f l) ‘ 


f E^ + *. 


T Vt ) 




t'-itt)- £* ^[ TO• 11 


<f£ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


















PROBLEM tl*&> 

* tJOLQjvj : A* CfK'Uu p- v - T tUi.^ **f 5 at b< ^eKp'rkeJ 

as 

•Z « 1 - ±£ 

T + 

U?t\t^t A i 1 a c 0^1 4 ^ ^ 1 , ■ 

F f « J P '■ O la +0. Tw o. l«prfl)i'j» for tA.} f - ' ttfunt PjT,A»kJR^ 

tb) tve. iumK^ C s (Pi.jT) - sf P.,T)J, )l^L%T)-hiP t) 7 ]*] . 

A wAl-TS! 5* ^ 1 ^ *-pY£T^ 4 H^_ Ca b t S t f ^ AT 


I?t“- 1 - v* *> v 


CO 


RT _ A R. 

P TJ 

C*) To obWn (VftlW /6^.t0 c^« *ofv«J f°*- p “■«<* +i*«H d .tfe,t*ia1*4; 

p, RT -. 

v+ *Vt3 , , 

4A1 1 „ f RT ART 4AR 

^. ecv* ^t-mi _ ™ . J ■* ~ t *j ti 

^ )( " — (v . .« —— • Cv.^5)*- «"/»>" 



(*) 


(•0 l>t. <1‘ s ^ f 

»CPkiT;-*f r,7>= f 11 -j t^p + 3 — 


f. 




0.) 


cc) Us*^ ^ 

>•(*,■0-•*(.*,■»)« £, t v ~ T 6?)p7 J / > 
I-) 

WT /| 


5© 


i.th,T)-M».,T) - f ("*-« -- C<) 

P| 


4 A£ 

r j 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















T^joBCEM II. SI 


: TUa p - V - T Q £, <^ < 

0CT)P 


it ^rc*r , b * 4 hi 


Z~- 1 + 


RT 


F/w o-. obfv.' 0 I/.-&rt/-for («j L h(pi/r)- kir, / r)J t c* I fa-tr^T)- «(P. j rtj 

<0 (stft/O * *Cp.,r>J. 

A M ^L^fS I s ' Smtf Z ‘t p v/^T ^ -f kf e^u^ffon 

- l -+• ttCT? P 

P-" 7 HT 


£L + bCt) 
p 


tO 


A i T a a d js are 4 k * it d e p** <J t a-i proper H‘*J + lt*+- -fix fkx if* ft 

ft* d <*v\ V^ua-fitt-i if I4*ff ^Vy)/it,‘t /« U' <‘l fc«Oirr», € 7 !- H-S'l A.«d 

U'to OLft C ok ye* r# s "t ui^ ktrf, Sack of- y *»ef e r*iu,r*s C& i '/)T)^, 


£ + 41 

Jp f dT 


£^, U.SA + Ka ^ 

.(f„T). | \ 6 + 4* ]j, 

^ r* 


-*M- •at,..,,] 


As 


U/J^^ Using £r<$. H-(n D 

k(m,TVMI>*jT)- / t V ~ T ^ 

fl 


‘f, [6-T^4]dr 

J n 

- f«- r ^] 


Cp,-p, 3 


-M 




^ - Ziu -4 ^ (pvr) ^ ~f" C * P| v( P t/ T)] 

. Au+*[n,.J-r. t 3«0] 


= -S'* A-8(?i-P.) 

^ - [ b -t fL5 Jtp* -p, ) - bCPi -p< ) 








Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 










problem ll. S 2 . 


KtoGuurU \ Tt\« 

p-v*T btW&v ,oe 


Z;|-f *CtO 


V 

F/fc-'Q: Ob+fci* 

an. t-% press t oh -fa, 

A 11 su; Si M( . e 2s 


is deter, k. 


v'*- 


p~ £T _*. *- T Pf T ) -*• t 7C(T ) 

V vi va 


co 


As T **•*'-d V are W in 4*p t * de*V ptepe, fi>f -K«+ +tl tKa _ 

- ^oatun.-f ? ^i e i‘k p I, fcM*^ *«./,.* o 

is C.cnV«^i>Kt +* use U*r# tu r ' VJ , ^ 

Tv„ t/ h.w-S,.(l) ' 

/d P > . £ R BCT) 4 RT B^cr) ^ RC(7)+ ITT C'(T) 

U?rJ-' V/ 


“TK$ ^ J w i t'j * H- JO 




HA, T)-St., jT )» f^<) 

>, 

* f t 


1 f £ + C kiiilf' 3 ] 

* v 1 *- y 3 J 


or 


u(-L - a' 

l . CRC+RTC'Jf i .11 

J L* v,. 

1 •!. U* «t*J 


- U<~‘3 


t< v >-«vo- - 'U - J 4 *i]J 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












PROBL-ErM If- S3 

no oijotj A I-Kg tapper- iphe/-c. >* t 300 K aid »►> p^jirur^ <°b°' , 

F/t^O> : T f -H'-'- vilowe % " t ' U- *P^er< is lAcf + J -|o va/y b-j n«.ri; 

0-1 % # d.i -h r <*■*+* * ■+**-< 1 tl[gu< W |Xuffur« + i *j spku-n— 

CA* A'Hbh*-^^ u^v * 

3CH*A-<ftTic s’ fcwefS ’OftTA - 

mill *-g 

- ^ -r * 3 00 k. 

Pl - ,o b a , 

J & )* 8B6 8 Kg/** 

\ :r _^/ / (3= 4<*-i*<o~ u 00 1 

©.71&j</o "'••*/w* 

p AJjfn| 

CO ipKcrt .4 rts- (Lj ~T£^er+ 

Jooc. t*) ^ (3 ^ K va^w *c/»** 

A A C Y Sf S' A S trip £ u **vC. Ci« a deocA^ 


A* tW-i'CfVc** a'Vs -* dm *^1 

( ©Vlna y ^ __ o. 00 , 


V 


SJ US t C^XjL^ 


CO 


Cv* *-fu- 

© 


e fc- ll - 


',3 


df) T - "^' r ■ - K /> 


ck^ A *-*> fijftJ T . 

f rt J^dp= -i (fc-O 
^tr= - J /> r 

<x^4 


A ^ 


^V'- (-dSs (ft.-* )1 ^ - “K^P ^ r 

^C - - K. 4f> 

^ -V 


<■*) 


Cg lVuV^ Cl) j J 


-^p) 


M*V 


<jy 


© 


— o .00 I 

Ci O l 


^ pW '(f&Ty«) 1 . 7 ^ 4 - 


f - \2F^ Ur 


C^W* w 


1 A l 4*Y ir\* Km tl ^ J 4^^' q € ^ 'Jfi.fi tftrt C^vv b-< JS^^A-s f g-tx>C_ &*Q 

($?\'-* 

5 .^ U c-sW ~«+*> p { *nwv^pW w 3) y ,-^W,r«-Kt^ <^'v-o 

Vi - A*p(- K^CPi-p.)) 

nv -- V t - Vl ^ V, [eipC-^tfc-MHU 


*-*4 


1 


i rf 4 


A\s*-4 i-v/ -h’ 


v*y - 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















PRoblCM H 54 


Pf ++Q\ 


A I -tb O upptr spki*'* <Ura^°F Gv*d -in ^ 

I cUfouu>*</ 4o Iftj r^_ 

c.(Ieuj?tl VU. 


X£ vo f^kn # o-jP J'^Ae/'c. i\ 

+k^*4 0> 1 Vo ^ dt^fVM'^t “H^a 

Tp^Li^t c*^ ; afu,. 


A f"Vv\ 


' (' T — 1 ” "—* r\ tl tM 

SCt«A-<*T<C V <S<-</CA-> &*?>}; 


0 m= l lb 

T,».«r- 

' -' n = 2.7r-i£/o‘ s 


« = fl,7rx/*'* 1 

?.7Z.*'°''° 


{*¥«* 


gU6iUggftiM0- iHODEi :OJ rtie Copper 5pkirt SyaJevK- u> 4 ^-t- 

reu^^j fx.-vt *.+ Sa °F. C3 ) |3 / t\ <L> *• t *■>.<■<, -*/*** t j 

AtoAL-fftf . At +C-«- i/o(tji^*, urotsi«i <k pfcjrurc MCfeaJ«r y 

-(•is. A»r o-\ v c>t u^--« -c (^3a.d r 


C^V )m ak = „ o.ool 


Ci) 


^. -K U-tJ 


"V 


4='Kv- t , 




© 

awd -4 4'**^ T p 

r 

- i< ^ - - is 

r, / ^ 


<a\T 


£1*. 4 


- ^-* £L<ip = — K, ^ f 

= ~K^P 

V ' 


V 




Co **-^VvC *V^ 11 J y ( T- J 

__^^p )maX * "" 0,00 1 


<*PW»f 0 eal 1 l±f±r I 
Lj.w«r“>f V*f J I ‘I*"*'*’ I 


© 


2 ( llO 4 1^ 

(fO M*v - f 1_7f 


V4 


|. £ j ftu’l 

3i^u K d» 


b t^vv 




(^Hi 4 Wi tv*. |^* ( aUvi^OKk^I J j 'Ksa^ i 


^ v 1 1 y J * fl' 

■%> 4V1 Vx-V t ^ v, £ ^-pC-^CP»-M )-1 ] 

I 

*-s*h A_*-J 1^1 r + ^ 4^ ^u K l/V% 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















PROBLEM If. 55" 


K Mo LyfcJ 


*TV\ f # C c<vt^s A « ■ 



(jo 1 ^* t* ^ ^ u a. f\ p ^ ^| 


■*J = RT ; (c) 


C you dtr U->oal£ 


ho **i . 

PlUO'. 

4 v pr^4 t Ji'Ort i -fer 

|S ** d 

V<^ »£■*- (Ittv ««.](. 

Aualy^is; 

Froy* £-(*< H-<*Z o«d 

u-fe? 



(*"' v fe) p *" J 

V “ 

1 ( &-) 

* Jt 

CO Idefc L 

£ : y - RT/p 




®V-y “•* 7 - 


Tiwi 


*1 ■ -L 


m 


<*) 




it) V C ft V/» ^ + fe 

(2£A -. £ , 4^ z -er 

v>Tif f> ’ LpJr 


TVhj 



rx 

- j f* *1- 

* r 

s i 

JL f v-b-l 


p 

' A^r 

v» 1 

■ ktJ 

t L — J 


K 

•• -Ufj 

h i 

lg]* 

i r *yv 

P L RT/fv+l 


Ktf k 

h~o 


rt d u c ^ -f ^ - 

(f) VO*\. 

de r 

CuooJi : p 

- IX 

* (v-b) 

. *1 

V* * 



a; 


—— --- 1 (,v-1* 3 v *■ 

At + *t Tj t*.pli*crl <*\ +* e. fejv/ired parh'd/ 

d«rtV*h‘v«l frrt w>t So fuvnd AI iV y*rVj fM **d Cb), That, 

p-^-otc ^ lAmt ^ ws B vou ^ e If 2, j £M^ *#!*•** i‘t eip+^i'^ed oo 

— I? / r u _ u \ 


Ayr\ _ - R/lv-b) _ 

^T/p ' [ »*/ v J - R.T/tv-b)* - 3 


— R. Cv-lo) V*“ 


^(y-hl X -rrv J 
Ufci'n^ £^S < IMf ami !(• i b 

£v\ . - fr/rip . 

I 


TVj*( 


R/fy-b) 

0*M - RT/O-t.) 1 ] 
V^v-b) 1 " 


<9 


O/v-'* ^/(v-w*-] 


KTfv-bV-] £ a.«CV-b> L - RT V 1J 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























p^slem (I T6, 

■ Oe/’nHi e*. jp tmf e«i /W /3 4W l\ !|#- “t* I 5 ; p, 2! ^ (jz/arJ f ; oz/^ r . 
fV J t-;+u % <-"3 ( Tft <‘ i - > tfc*«►-«».->ic +t- ^ 

AtjrtLYjij : Fr'tftv M<fci &i*d n. fcjf 

X^£ Co *-ppr+ ff i fa i t * fit Hr tS 

ZCT,p) = EJ£ 

;tr 


^ £J . ztt/O 

P 



l?e|ei'<inj t* fi Jf ^ / "(ii f" P/i, -4.^ j | {{ <.o oJ-i i S* t 
e>_ isfop-*: <10- Tlrtw-t, ^ ^ e i/v tk ■» K n 

v^A.'pat jooti'K v* *+- £»-s_a r+^+«r. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



p/?o6ie^ u. 57 


\ * ; 

p T + t F |‘ o V\ f 


+^i t ^ > 0< P 

Fy-ort^ 4k t d*v t U p*,f*t of S«. H.S.2., t ** 

iif* ClbfM'of^ 


4-p-Cy * 


K = 


v U . 1 

VC 


X, 


O^?) 

0i-?3) 


uj h t* t 


R? 1 1 o u-f p‘* pj S J r 

U'Im i* f 


*4 "T —O ■ A c cpr j/ij j, 

K > f 

£ VO 

K H / # "*> t i H-o 


4 j- £}.*/> 6? Cp>Cy flyff/flt 
Hrr*pf- -fpf Skrch SpfH - * I C i r fan<■■**,, 
i-e CJ+n 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM U-S8 


Fm£D- Prove t ) T “ - (*9 K /jt) p . 

A ^ALT g t 5 " CoAii'dir V^vCTj^} Ahd ^or h-, -4U< 4 ■ -f ft nr i* 4v*. 1 

*" (&)/ T - (UK** 

Wi-Hv F*p. i/.tz <xk <i u-k^ bf^/j 

dv - (yj!) AJ + (-v J> 


K 


AT 


“Os** v 


s,«t +u,-i it *« «#eH i* f-h *<* h* t j -t*» e -frj-t -^ r gf-f/./y 

L* s» Vi f; 14 • T>'* t i t 

(VA\ s Ahn 

V* p IT }p 

UvjS) ] - 9 (-V K )) 

J7 ->T /p 

P §). T v ^p)r = -K&\-’ Of), 


Th< un L%c4. t-*i^ftl| l C. ft v/1 «yj 


© 


(^fX 1 ~§sr), 


Tk« Jelled r.ful-* it ekf*>««d »*e«. fry wn’h'kj trvC 


H 




ft * 4 *■ 4^*. 4 e)t 4*v -c>t at/ h # j f 


CiJ 

hi vS t 


i) 4J 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












PS50BC&M *1 -5^ 


is.re ^tasxdnA -far <a.lur«i'iAw.¥w. 0°C . 

Fi •. JeFev'mtVve. 4Ue |P«x*ce(/,f eorer ma -Kvl+ wouta resuL4 ff H- u/&re 

{ISsumed itafb Cp sCy, 

^CMEMATtc 4~ (c Iviai l>AfA : 



T~0*£ 

J^Z-700 

£p= M2JJ kT/t^.|c 


,3=744^0 8 fc-* 

K - l.34wcr f3 v*Vn 


A-MAi^sts ’. /j.t*? cavi ke. use^t -k> t-tUd ^,-Cy j 

VV=v 


Tfi 2 1 

K 


„ zr 


- C^T3 tcX~^-i4KiD"’ g _ 

{Z-tOo l*g/vi?Vl*34XlCT' , T»3'M) 


I kT 


tO 5 U-n* 


- t 

3,&4tK!0 





v. 


■fW-V (s j “tW (k^K&CfyALz, is 


3. S^fexjo" 63 
04 z u 



A 


Mio 4 % 




error' 


KJ&it 4Wd r Sp«-cj-f-iL keA.f diaifa, reported for - Solids ojjJL li^u.vd£ ox<z narruitiij <p v<tlue£ 
5ji\ce. ‘IW.se. a. re •/y^Ofe. eai'i ly tte-terrwmed ■for- ^ I cite a*>-& li*iA.L>(f 'fo-av~c^ r . 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Pj2£>Bc bm II .yo 


AVe pvovCded fcnT yvsefOAry «.+ '0 ,, c- ; l h>A<T. 

FlMD 1 . E5+srt^tt4t ft\a -fc.rvi.peretk^rt Iri^e. 4er“ cm /sewHropit process fo jooo Uir 
SCb4EMVnc A1VS+J PATA-. 


® , T r^c 

} f> ( = l twr 

lotio iwwK" 


fy=-2.8,0 t^/kmo(-K 

fr - o. 0(4-7 

p 


ft t"7.8 XiO - 


,' £■ 


gfJ6rAl£££jfJg rvioD^ j Ttitf^rv^je^Ujurc. cWv»fe. <£ SkmUj oaJL c^> ( *mJL r$ cam be. 
-Htlcew rx.£ co>t$4tLu.’t. 

AnaiVSIS : 'be^v’iA wifi* £s, 11-^3 r ‘^'T/s^) s =■ ) - “if* clerjv^W'e cm fUc. 

Wg.imA. s (de fWs eAcpVcssicTK. caa*. be *s 'foilouii*. 


IT 

t>(=* 


TWs 


. '%¥) ax) ^ 

r ®T/_ T>^V 

* ^ r r 

sr) = ^@ 

ax Jp \ 

Cfrtrwi B^.ll .tsz') 

XT) ^ nrfsT 

*>p 4 “ zT 


£*] - x 
as c. 


> 'r 


<T■frpTM 6^. Ii. SJ?') 


U5iU^ "fUe c S^Ua^Vut^ f vo<l Ccua IW-fc^T" 0 ^ 

* JVy*--(^r 


T, 


4-A.sev r h^ 
AT" 


(fi. 0)47 r* 3 /(cme>t V17-8xio 5 r‘) ( 2 n3.i5\c) bwr) 

(0 s tflm* 

1 itcT 

£ 2-8+0 Vc 

1 Uu- 

ID N‘iv\ 


- Z.5? K 


AT 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



llt.1 

o <>» ^ '• ( p-v-T *» *• ^ r'A i - (•»*. Ai^irr/rh'Wci tf-o 

Z ‘ l “ 

U* ^a_* A h a. c-#w f -fxi** t ■ 

p//o 0 * An ('0>A *—C5— 

^ fc i < ^*-p ^ t ^* 3- *7* ~ Z -~ (+ 

AjJAurm; u**^ e^, iue 


V C V r _ T 

wr 4 k E-i. ii* ir 


AC £t>^ k*K*f 


cvq» r 


V5 


^f~ «v 


C? V />T% 

~^ v />p)r 


CO 


TUAs fc^ut r#f -*^u*,h'©u «*pJt*cf£ ih V» Wt ■! ^ 2 pv/& (, 

^W(K b<t0^4t 


v r sj - A fc 

p T^ 


Thu $ 


fev A - ^ 
V *T Ip " ^ 


3 4ft 
|» T 4 


V \ _ _ £T 

v5p/*» * y»*- 

E<jj. {•)* 

T[ 4 ^] 


<«) 

a) 


Cf. <V l 


ZT/fL 

*0 'gf 


Vji + k (^A 4 )- f-3t 


c f ., v ._ = RM-3?V 


UL..--K- tscp/< 


* J 


Cir» Cf/fc 


-H—cs *^^u»sti’( 


e^~ w/,rte. 




“f* J0. [4-?s] 


i 


Z - ( , pu-*’ i 
<>* 

' fc-/ 


£t ■ ?• +7*.; 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 













p^o 3 LEM 

T-# fM : A 3 *1 % -K-*~ Vfl ^ Coai f/ ^ a 'fv fln^i o J'fu 

p <*- D v t*. ] jUiv> (.4 } ^flA for- (<^l - <V) . 

^ ) 0-fi^juJ^y •y^pAjf S jT f»*- ( T *y Vi ut'tu V I) 3 J CUTi.VaJ - SfT^v,)] . 

t_d) Cvw*, (^ti. -U~- ^_n ^ cO t**a + VT (I^^.ljb Aft 

[ - ^ -*- - ^i J & <-6Ki +t^-t£ -V^-t 6^i»* /1 ** ^ 5 4-** ft*} 


‘NAt-VS i J.* <*1 

C v -^JU^T \ . T«.t;« 



( 2 S£\ 

V* v Jr 

■ M 



Evf f'H 




to 

r = M T &Vi>], 

= ferX 

* T C$iV 

Hi^ +‘^-f 

(jj aaU -e -j uit h >“\ 



^ : 

: \ v "Slj* to ^ 

v-io 1 * 

e*t\ 

^ 0 , 


TX^+ ii ; ,'i **itffw\4tt{t. p f v *Kd expends dn(*j fe*i TJ 

cto Wi l -\K 11 ^ 8 /fla H^u {hjv/yr^ fj £r + * 

Vtvk i *-^ Cl? T ^*^ t/eiff\#^ 1 H J^r+"*v.*r 


r/ir 


■ £L -v 15 

Cv-bV^ VJ 


Ttyu.) 


* c v - “" ”T 


fr «■ -Kii 

]_ 1 */ v \ - R 7 /fV-*)’’J L ^ '-^"V'i* J 


(*■) 


_ R 


Cv-b\ri5 - EXJ 
‘L—I t*-«*J 

* 


«r*) 


1 - wv-*)y« t/ 1 

tc) Ui‘*J 'tkf f».mlt*f fiarfattjj 0 ^ ! • 11 ^ '^'^~ 


J * ‘ * 

SCt^-sCt,,*,)' J 'y dT ^ j{~,V vr 5 e *4£?JT-t **-(■£$) -*- - 

T l y ( T l 

Tl fr*' 

^,^-utT.^,}; JcytriaT + [ [ T t&] '(£“*- *..)] iv 

t, -i. 


4u, 


Ti 

= ( wtrW*r-«.[4 -i,] 

T i 

To +*'•(«■ «K^wirh»«r irr<)oif‘<-s o*<$ +*m fvw&b'c'i fy < T ). 

(ti) l£ + t '*'~ . 

+ **■**{ J 


(cMtrjJT- - OCT l -x),4’-fr l '-V)_<S l -W 

v ji-6* 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROSL-En I 1X3 




CO 


Kk^quj N ; ftr < r * O, B4k//& a fi *1 t? ■ f*ooV> 

UsfVjj4ke & r Jo £ e f f+* +ty ^ t y«f jvij Cjf T^: 

^;o,o s^jT ff V/*- 

g^6tAJ£g#j impest The. Ser^el*+£*,< *,v *-fc 

+*K* t|9« t( fi'td * 

* r o- , 27 P'V , , /fT t 

r *-b TyV H ft. * f ft. 

* MALYH i : Cv- ^/VT)*, Aite>, 6 1-11-^7 jiVej ^/3y} T « *t ^ P/ jrj y - p . TWl*j 

te?V 

+4**+vt hV+i’t?* $. *| u * -K * ^ of £ “h*, + c j r v t J 

(1Z\ * i * -i. /?Lf \ * - 

V B T ip V^b T^V 1 - * \^T l T* v 

wi e=v co u i-*s^*fc ifc 3 

- Vt - 

C,[T,/U - c^.vO " ~T7 J n 

- rwufj ^1*1 

T>-i^ * J 

TVt Vilm of s. ij it Iti'MiK d uli*i Tt. *m.i pf_ froi. "l*H«/l-Jf 

- 22 OV ; n (L**AM7 gffif-feMv) 1 

4 44 Pe. fc 4 ( w ' I -)|i4*tiiX.M4^»f/^ft- 

• «».•» 't-fi£=r hffel 

= *.LT4L - M 3 .(:i)* B K 
On*- 

A.e so ^4*, (V -T: 1440'•ft 

- 0.1^4/ 4 O-OB'fr 

* 0,ttnO 81“-/f*-*>£ —<1 -- - 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Problem 11-64 continued 

To £* <4 (.^Wd/Or 



Cc*vCI) j wU»c k a^- ft *q wi vi «J i « , n _ ^ t W "4 "frCrtv-^. 

R«. ®-f S4-**i~T»U-f.£ C Ctvj l«H»* O^U+;) i£e*n»n * <-.o_l , ^ to /le*^ 

Vovfcj i^tq. 


/rcode 

p * 200 // Ibf/tn* 

T = 500 II *F 


cJT = 0.001 
dp = 0.001 
T1 = T - dT 
T2 = T + dT 


pi = p - dp 
p2 = p + dp 

hi = h_PTp/Vater/Steam". p. T1) 

h2 = h_PTfWater/Steam". p, T2) 

c_p = (h2 - hi) / (T2 • T1) 

v2 = v_PTfWater/Steam", p. T2) 

vl = v_PTf , Water/Sleam". p.TI) 

v = v_PT("Water/Steam'\ p, T) 

beta = (1 / v) * «v2 - vl) / fT2 - T1)) 

v22 = v PT("Wate r/Steam". p2, T) 

vll = v_PT("Water/Steam", pi. T) 

kappa = - (1 / v) * ((v22 - vll) / (p2 - pi)) 1 144 

k = 1 / (1 - (V • (T + 459 67) * beta A 2) / {c_p * kappa * 778.17)) 


f 7~ Results 

p = 0.001265 (1/°R) 

C„ = 0.548 Btu/lb ■ °R 
k = 3.656 x 10 5 ft z /lbf 
k* 1.366 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 















Pf^e?SL6M ((.(OS’ 

(t ; L. 11 «. i «r* «*_■+ 4 0 ®C j ( ^ t ^ Ot u*\iv- cu» i a n’ A>y~* /Vo*. O 

o.fc 'T'a-Ai*. ((.“X , 

f /»->Ti •• t> «. I’M.'rtc («■> c*> , CO v/t(o<ur+-j of 

AtfA^YSlS*. <.«•} Us.'^ 6^. il-C4 




- V 


T £ 


* ‘T " 


/x 


FrtA^, ~TV£*JU U- 2. 40°C 

J3= 44Z-ZZ- *3 A = 1£±± Ocf 1 J 

v«3 ' j qC ' ;o fe 

® A-14 , C^s 4-.I8 Nia/ic^ «. 


^ e v to 


/4 .18 _ 

V Pj-I^J 


^313-1S'*^) C 3 ^-*^> £/0 " t ) £b a 0 
(S<iUE *!)(, <.)*" tf/o'^) 


ItfWjyJ 

1 I 

l bAr 



© 


ft.ifc - 0.1^ 4.GT- *3 l£ 3 •« 


((> ) Oj.+v-^s. 11-C.vX M.'7’2 

c (1 ' / 


K 

if K - 


• +'*- A-W sA^t-t. 

f- 


-1 S CO, K *- £»? - +■ 1 E> „ I.oa?- 

v Cv' 4-. of- 


C - 


(I-01?) 

Cb 

*0 I 


\ 1 ■ c 3-'“/s t 

\j (Jm-zx 

K9 \ 

{ 44-.z+Xro' t ) 1 

i htKf 

1 1 KJ 


- ] < 5-5 O *« I i 


-£l 


CO 


f- Foil -^K* 


IWm. 


c-p I ^-0°c 


'^ Jl £ tjj W ( Oh n fee * 7. *(#y u< « 

as U<^ yt,«J flot ^Vo^C • 

I. Tkj lOL> ^ £<0 5 -f*v- Xf^ t/ ii 

£h-tx j C-p# e-v-X Cy ^ u , 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
































?ROe>l£JJ\ M.fofc 


‘ WfUtt'' fs Ai ie-c( s-hdes. 

Us tn^ S-f&a.j'Vj -fcitfe dado. ^ esfitmtsUc. *ffi£ vetoc-t-fy of Sound df' (a) ZO c t l 

S&Ur f cy) 50^ (Soo ibfit*,*- 


AC HEMATIC 1 aj UELi DATA : 




lAOO 


Sc°P- 


EUSIlO,E&g|MG ~ ,. (j , - u p , . .. 

Mieta;: for \i‘Hx\d vwcLf-e-*^ tH dW. r&nje. ©f ie.mf>tryth*nsS undet" cwJiivaW^ 

■/tie. refio af specific ites^ofs h k * fO.fSfee. dij aiJS«r*. r‘*i .J’e-c, if. 52 } 

A^JAL'-l il ^ ; C Ji H\ Eg, M,T 4 A*t^ -tfvet ftWve. jlj*U/ vy ft'e-tt 








££} 

© v /r 


IaJJ+U rfatftt*. frx>rt\ TakU A-5 




;5^X /5#f /55S 

VtffD* £f+Vtk} 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROS LEM itb 7 


k^ocwN »► At* ^ s fv^fcwv ^ dk T T-SVb*Fj p- \fz 2l}${t/s. 

Ej±= lU* +l~*- H*cU~ iw^to-vr' 1 . 

gflfcfJUE&flj fll& frlQDEk l A*^ i£ iVjtfd&i’CtfJ *CC ^ ti/etU 

A*oA'-rSlS~ . TV* W,cicU kUM*tv- to M s V/<L ; **» C ^ ^ . 

?V o-^ A <WJL c. t* ^ oq~n 1»~J £^' <?-37 ,, ® (a-f*. < *e«i io^ ■ r £ 

Cj.//-74. T'^*'— 

-v ^ i ir-ftf* _ 

M " - * j-jirr 

^ H -_ = f. ^<a--— 

( svo 

u?ua^ h U 'u o to t*< /ml fv«**— A" . 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



r > 


FRCQLeM 11 .I 08 


Csjou^n: a t***< ((J Uft h(w o-f S + fclt, ptv-b^cE-Tj ujKfre b »* l 

ppt*‘Kvf t*n/+M*4 * 

Fr*->D.‘ 1J«.4e rw«« t .f +k« Ck*% be <“e d ut t J *'’ ** Jt*f* -Thm**pt** 

«^.pa\A S t'On, 

SCtt^M^TiC i CAl/trW b^TA 

. *■ 




[ ■*t r 4 VfY 1^*1 t 



T Utttti+tj 

At <0 


^J>0 


f*x-®d h 

-TKp v*% f t evi 

tf pKH |l • ** 



ANACV tit: Usik^e 1 .M 'n 

^7= /,L T &V V J 


/•»' y -0 

‘- 4 L>M?^)J*-^ <° 

cto^ A*'^ Tu«^ (dvy t* iJ iftfjft h &-^d jc~t k<« 

H* f-£ Ca*^ O kVj fv*k**eaf<e_ ^ *■ "TU*^p;* n *y pAuf/o^ * 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












PROS L6M it 

KMOWN I A 3*4 » l i ^ V 4^*. «^w*4i' 6« # f 

v= £T - 4 is 
p T 

UJktc* A . 

pfoD ^ l^GieE*^^ t* p'rijj'** far ^u,pf^r<i ** - 

T y> i o-» K vf f| $+*,4* j, tb) Ob4»i> Jrt 6 »a ^r f^f7 * Cv, J * 

SCHEMATIC ^GH/E^D* rd■' 



Af J’flowit ^ifin S+*f*.Tj 

= o 


^ oftU'Ti If * fa) A 4- Jo« "T t*-» ^p roirt r Jew.I* T"^* K J0 

^mttk«t. -TWI, Ej.H77 

<5- i[ T ^),-']' ^ T ^v 


v = o 


O^i+u. +^t 3»'v**\ h’**' *>f 


P T 


Ac to ri^J ^ 


SO,' 

•'fev V r 

^,i) - 


<0 


(£) i*) Tof^i Cp-C r t>l°y Tt-;* u^,/ii 6 v />t)|> »“■* ( a P/»T) v . 

Q%-x\ ^ 1.-J, Gj-OJ- rU^r.’V-v-J -tw -^o.W ^ 

p= 8 T[«A- B ]-',(i£)= *tv+4.-s]‘'- «tC*-*t- b K"T‘1 

jiCv-8)-t- ~ pA /r 


£>-*■ | -B^ 


© ^ 


<i-C„ = Tfi-oAlf M*-»)+».**/t7 

* Lp ^LlFFi^J 


|. A\-Ur* ttp-Cv) CA*\ l>f C/a£u*H4 fro** C^-li ^ ?- 

2 R>^ ^frv -a dj^ A - 0 - 0 TM »i f 1 Av r J t A'v- C C/Q -t/J 

A*^c ^5 fo CC(l~ Cy ^ j LA>k*C<^ U £ 7 . 7 >4-4 , 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


















PR.O0L&M /1-7'C 

fe ,o»N: ..u, «*'«'* 

e.udK^, U> jWI.‘«fc- Kw*«S ct) tjlelt/rti e, 

- iu6 . t*.«. *««*’"•"• i« 

±i — 1 Ws c f+u* ^ 

ANAl-'TJfj: £(^. tl' 1 ? C*v\ *>-*- r^ts. yr r- nj < <i "t 0 5"' t 

At ^ 2 -- ^ ‘ 

, P ; a <j«-«id i-i “' ;41 " - 

Ti. t +*-'(•-■'* , f (-r) j ^' t '’ < - <Uf .' J 

j. u - o S 1 .^^ JLi'^ CpCVJ—*>* fp(Ty v 3 J ' ' 

o- Co*'4 i<U-r» f <a "' ' f 


iir.l T feV'J'° 


Also ^ +^-t X'tA^ &i ^su±+-* l ^ 

*- V-^^- Acc^W^laj ^ ^ 


11 


[ %) f - *3 


C»A Vfr* 


TU. 1 i<*. K 

II lx 

EjfAw^pie Jl.'L 

a: 

Av> 
L M, 

- R/£v-0 

Rv' 3 CV"^ 


f p r ^ Kt 1 

^ vh *" cv-i*) u v 

|tT v 1 _ iACv-t)^ 


"Owi 




R.T V 3 f ^ " b ) 




|^T V 3 -Infr'C V 

* *4 „ lc RTv' 1 „ v MV J +- 7* v(v-is^ 


4 RT* 

ljfcV U^ 1 „ * 4 


bS“f 

T i -WJ 3 ^ 


Cj£} n !i*i 4b* J-***' ^ ** 

juv f -U^-O 

P-** - U 


fl“T V ^ t * ” h ^ L 

- b 


Hi 

0 - ( ^ L 


w i& 


^7 ’ Tt 


Kb 


*T 


6 i 7 5" T t 


— £ '7 H A *# ) , ai-r.- 

fr 8 ?) 

_ _ . i__ f >yf 1? \ * juie 4*^t !#■ 

IQ . To *vi*>u*¥<- L>v[>T)p^^^ 

^ «V ‘W, 

R e Al^H-K—J *1V*V6« j+ K« P *rh'±l i*r t '**h1*l *«- 

* ■*“ p,Uv4k) 

vV+U* t ‘ /l 


s« 


(&.= Cv^fcj) MtV+b^T* 1 

r -iy s 1 S 1 

\7 ' * r e " T | >uv*» _ *x J 

Cy*-tV*b) V f **■ <V’Hl V 


U) 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Problem 11-70 continued 

_ RT _ __ fej -I- ^JL 

f -r fiv ^ "1 * ivCV 4 kt>T Vj - " vlv4b} w T J '*- CV-fa) 1 - 

L T <3*J P - V J 77^) 

v**- 


SJL } 


- Cv+bfrVt' tv* r>- ' . a J, -J -, 

bgr 0 , r s **in r -^r-, - —-ir—— ^ 

, (,V-*>1»- _ ltvtbl 1, T L,i L V J I p-jfrji 1- 

/MlV+lO J.J \ ’ *'’■*■*' D 

ChWt**- ' c 7t>*-' 

Cft ■*< M * r ^ «*j +U* X*"*j v 


M2-+ £) _ RT 


\v i+H 6-j &■ ll-fi 

© 


So. 

..^■ R . T _r_ =o =^> 


- RT 


ty *6 

T - ^ (o. 4174tfJ R T<1 ^ _. £3+Tc, 


/_ 


O.V^o0M + )fe|) P-, 

*Dr«4e***‘ci . As ^Ibovt 

^ - 

V t&P/vV 

Fpt" ^kjl 1) p^<- 


O*) 


c ~ *•-..(-£/)['•' P-3 > &)r* £5-i«rl-ft.)Li£* -&■}] 

tKwi 




- - V 


V- _ XA. _j 
V-fa P-7V 


As J-i m 

v-*>* 


ftTV^ tv*>} 

*Pl»'b '“-le 


fc Q b f» r'( 


•zJi- , 


Ci—te> v 

PTy^ ! 

—■ 1 #- 

-L | 

-“** 



~ b 




Li ?JL- 

“« + "Tr 


l™ ■* <v-$y 

i.\jc.i‘-^ V**-< <><■(« ^em crvu !***“■ ^ ^ t)"' , *‘i i*v P-*o I * L 7 

_ /«*T C M 


T = 

toR s 


T , *-(**£' ) - 8 t<l 

MB) 


C £ > 


TKxl C * v**■ :* tfvv ie t /-a fu.rfr7v- ^ uj> <Lt. r <r^ 

^ G,$-e $ u4 tc o u^b £> T c - "'/'^* a^ ua fi 5 

^ ^ P-* J Il'cA - tv^j) ^ ^ (j A h 

fwXJch a. I *v-ert*t^ -f^* ts^-p-*-,*, +^L 

^ 5Tc- /t-7CM^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



”Pp*>T3L6M U-T-f 


© 


A c«r-Kf« «j * i ° V€ ** 1 ^* ,r {***aIi e^u*A n o« *{■ f+atC- 

^y\<L U^s <x s»teifec_ Cy 

ty = A + ST +CT 1 
tvh«rc A, B, C 4.IT€ CO*j4***n ■ 

F-mQ : t>#F l '^c_ a.^ f* r A1 a- f'^c h 1 ^ *f ^ ^ ^ 

Jol/k -Tk£>fc-[jja* £+*+* '‘ rt k " Ml ^ V J P^nd 

+K<. v*w UJ a^ffn^tJ ^ b 


fK< Vfc* Q * ^ ^ ■'■**'* I* ~^ 

AWAUTI/S: Us>>a £<J- 11-77 •* Aj = [ T ^/» T )p-vj/c^ - TWI "V'*" 1 6''7 S't')^ 
ujU*'tl~ k -j tv«.tCUe4 ^»>- •*■«*-€ va-uvdet bu««.U Jjufth'e* *« £xa w(o'e. "■1 a l 

_ ..1/^ u\ 


- "■ / Cv-bJ 


TWu l 


.jxjp - £Wyl - RT/Cv-O'J 

- BTv^v-b ) 


p.o.(v b1 L -^v 1 ') 


_ r v 1 Cv -b) 
l*W-+jV- 

a ftv tv-b ^ — b R ^ v 

\> * r ' ■ ■ 11 I “ 

R.TV ' — 'tfctV-bj 


fcfel- v '] 

P- 

«,-«»• T C^'),Cf?W 

R-«>-+•*« v»* 4»r t*i**«i (>P//r)y J £/t»-b). 'T»««1 

* , , T [ -R^(v-bJ 1 JL_ 

■». <V «v ^ ^ JL fc CV-*)*-- B_, '' J ' Cw ' fc ^ 


• 81W i fw-b) 

= (*-° T ^V - ,^ 7^r 

t - 1 ‘ l,,t>>:1 - 
Vj ^ frr v J — x*a v ‘^ x 


y^TST^ 




{- 


(■ 


a*vlv-b> 1 - b^* 3 


ft T yl 


TV* N. 

>7^ * 


* (t> ™ J 

fcTtf J *‘l*W4l l * 

■XfrV b V 


C*+BT+cO( fTTv 1 -+ ' 1 ™ 

Li, /U-. - D - 4-C«»-<U'~jf;,, + A * (A^rff'bW 

^ JbWbiC ‘ Tk***^,* l‘* ***I*‘flK S+*^**/ 3 ^ 

*T* ai/-# 4* 

* "T * -ss. 


—/b 


x * t. , ^t.-.) 1 - « *M'-(5)5 ■ 

® o= 1 -,i->'-‘ f1 '' <1 ^ TKL 


T, 


1‘ Fbr gl i C/ - -fCT)* SLjlh. lf't>2_cu. 

2 . j^-k^ p v j cx^. 

a CX^^MAV* 1 - i U/k-'CC^ ^ -- 

(jt>< '^w JP A-*r? u-Ajt i^j T^ b l* i t' 7~0 f ^) ■ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




























PROBLEM /h?2 

^QU>N ,- £*} tfA-b frvv >| ki L^r,M-C4^ 

fti*. -f*y yUg- O- 


tAA *w^ *ul 4-p IT 

» . t 4 ) 1 Ui +^-^' 5 /U^AjUf' 

J ob^yV\j 




<y * R*y _ A jg A tJi ^ ct^o f*wt t 

P T 1 - 

Cte J U^ i.V'j t 1 ^ JjiC j^Uj j ji c? u ^ ^ Cb J ^ d e W - M*_ Cp ^ 

Tt 4 DO ^ J ^ - O , Sf {* j A^VI 

Aj^> alvcv g- T*kj a I ^eiryvfr k\ v-e fW U? 



uiw tk ^ Lur 'h-' f . 

C*^ Llsi^j +V-* 'y 



^ 3** 

L’-ft] 


C/V) - &//0 ~ (* p/ r 5 J • TU ^ 

~ ^Ap -__ 


(f 1 £ol^n‘if\a £v' J 

3 r 
c r- 


_ 3 i 

c^s I (X»-v i vv^ A - 3 -?S vn » K / |c <j ■ M *.n4 o-K^v^ t^wv 


SAP „ 

3(3.>8*fo 3 *v‘- |<V*3 VHf-OI!2ffV/o VfJ /^f) 

1 ^3 


=*7=. 



*3 J K 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



TFto8i_e^ \ 1-73 

m ■* +^-* va^ t fuA: Cy 

^3 Cy = jA-t B 7^ ^ A ^ 4, 0 Ccj *a£ 'Jt* lA'tS 

fWD_: XX.V+A+P ^ e^fu^tt.o* £~~ Lii~r*jP*)-sCr.jfi.iJ 



At l, VjtvCt^p,) 
a+o-j i vfn y p') 
A + Je f V b i vfTiy P') 


A+ *1 , 

-V 


C.u - A--t BT p if> / ’ 


ASfQMPTioM : Tk*. 

I"'"” c^ 


i'r Jrjiyi *»-* t/ ■f*-* i'ah iv ef w, ft d -K—t. 


—*** ^ ^ * H»v ftK<j C-koj' jjj «S / «-ti f lj 2, {rr **> U» . i- -+*k-v «*.! f i» *v>y9 /l ‘c/v-i > i 5 irfit-ji't<£ . 

&ir ^)-s(T, / /t)= L'tr^p.) - ur v p'3 t[UT l; p';-s(i / p'] + (. s«W- ut (j (?j] 

0» -M-) 


) 


0- 


"Tl« S P CC4 "^'C rekwn Vi j V*^ V bj v 2 C *-“‘ '*“« (*o».«l ■»-H*-» ua n (j- 3 a* lj 

Ui,a,^ v«a iv U> w l_r -e i n.-h <*, Csp/JtOv ' R f<*v "W > Tu*#, 

-u. u. 5D ^ , . 

a RtiA ( V *~~ ■) 

-i. V v. - fa / 


Stw-J 

^ f- 


Vn- - 

fj&£ \W 

- 

l*~( ^ 


\ </b 

f * '"k b j 

€l. U-ST) 


r Tt 

Sfc - V : 

\ Jt 




) 


3' V *° 


S A ; J" J A Sl T ~ A*~~l± tBCTi-Tj 


<-') 

CO 


r u^vaw wvj tr^s* 


*-*■ = *M&) 
0^0 


o>- (»J 

A Til + 8 CT, -T,) -+■ ft. ^ ( *±=L ) -*- 
77 v v*. - 13 y 


Ca-** lo ^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















P2-O&U0M if 74 

KMQU* jS ; y4»r \$ (ed k tj +K*. yo.*\ 4*^ COslaJi l;a fi' <V\ 

CptT) "T^kt^ A-* 2. U 

F /r^O ■" L^riic *- p-^-o^ rtK^ € \/aIo <?Jtu v*j Aik *x_ 

sWVt wk^/* (t, ‘ 2^1:^ Pj * lafws) o^4 Pi_ > . 

S<TrtT^/\TiC <£ G>< tf? KJ X> A 7 A * 


fr<M- («. b(« A-l j p t 3 j aM/ Te * 13 2 K 



VwxUJ ^ f»z ^ i—v 

Ctkj-cJ* fi)■A -i) cx~4 +HfL SpC^k■<- 
0 ke*+ fv^ch'ffvn *f T^ble A-2-1 ^ '/friii for 
^7'^ tooo \<L 


A k A L Y n ? ■ 7 ^ *• * K &v\ o £ A1 tv »' c*iw vsfl *-\-V «t ia. + f *| CKCC-o | i $ U ut <{ t M 

-h^ |>*+*vT. I- V v-7. A j ^fed, ^Uf f 4J.—I v% 

^7f*U«s f-tv* fMka < - j S& 




Ky ' kl B | c P (T)dr - *[***)♦* ft + i.( Tv * T| «J ^ CTi t. Tv »)j 


«; 


tMtfrf £ 

*i Jk^r, 

S', 4id 

^ puh, 


4m 

V* *4 

4«r Cu« 4 ,// 

* v a t v (xi t 

W x -k 



W — ^ y- 

- (^3. 

- U XW R^; 

L#Hr f ^ 

Vl'^y 

) u 

< V4 lo A +< 4 


ft) 


W(v, 't k A4 iv c #f lK> 4|>g 




-“’=,K T fe).-»>'*ftoi)-p)-»£i -=--[±-17 (J) 


Wi+K G^t.rt) t.d <t'l 

k-*'*- fc.y x -f^V* - < t[i k *^ t ] 


f4) 


_ *A. v “'* < v * '-*■'* *« i/Sixjttn id t«.( $«/ e^«/|£rv. 4 /f •/f-RTtJp 

', 7 /' ' Tkt v*ivt B { v a <■«•' *< et>W*f,< (‘■fur* *Vf/., ^r D w. +ut v*« iff' 

** -Hie SPftfitJ V«(«»i 4or ^ 

Ttvxio^^t^ (. k-VN^jL (hi-ln, 1 ) t* + ^vt« fv c^u„ 

, C 1 ) d (4) J 

(hv-*■»*)- (U-w-Ki«) -f (h*-A,) 


El (4) 


64.(1) 


Tku Jlr»*.’<Ul 4-t^ v,r-» <4 Ackk fl^cL.'-.} ^1K . Co*~f,*JtXy 

\^*&yr0.hj\ J Cjl^_* +® Ek-* A^iv 


J - Fo^r 4 * lA-yi <Vft k( f f X Q WkJt- v| V^jL l -f ; o +k*r- j 

CpCT) v-^c^ b-rf AA V "'^ ^ ■ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 















P£06teM II. T-S 


KrlPW^ ■ iimo of c-U*ijttwe. (c.^ 14 ^ o/re. sutler cc>uulef*-'K®^ * TjaT^-^ooic.^ 

f, = i p^= ioo loar. 


Ptrvib •■ Uiiwg +U« Red-licU-k^on^ e^i/A^xim »f tvAuA+e 4 s ha*j^ ^1* , 


Setter ATI c $ M V€Aj DATA : 


g^Gmefyt/wfr Mopgf. : r^e 
£«ai«c^_ kuuOrtq £4jM.«.K0"n *>f 
5-f«ie 15 G^pliCftlotectf- 4U^£e 5 Its; 


(00 Ur J^iS/.ZtoY- 


Slrs^ci. 



; - r t - ^oo < 


Am amts : tK* results of ?robl-e>^' e*r« igUoltit 4or~ *. 


V^x-Vv, = pl3»,T) 7 t - f tv„T) V, 


77 i(s 


2-fcT 1 ^ 


: 


( yfa VI “I 

L 7 ,+ W * v£ J 


*.T*. 


* u (ill) — * a i. jfw [Ar b . L 1 

l Vrto / n T L ?,<-!» Vi .J 

*oVe<"c -We VicWes <*■ 4 >^^. t oloV<«Avie<( u.8 exs 


<0 

C« 


0.= 77.lt, b^wr ( t^— l< ,/z " t= o.0 3^8| 
V kMo l / ) 


vn ■ 




TVfc vc^Wts o4 ^<Ua, i&t, (owAui IT +o So\ve RecUtid* 

^ixccViVvv -H\e pfc&sar-e oasjA ra Ktfe £tV ectxi^ tWle . TW mu-lH clyc 

^ 3 /ltvwp\ J v^-D,ZU3t? mVUwLol 


I^S<v-4^U.^ ww^e/\c<cA values !wW ex') 



^iT K 


Rio© taOCO.z^V {0(3 3.19^] 

omi.u ^ (~itl< 111 ) 


IvD'Hl^ 

t UT 

l W-l 

to 3 N 


(2-H 0.05161 WsVlogoi') (AOokV^ 


-th 


5."30M l 33 .18 


53.2.K6I 0.iv3t> 


5 -23.?0. 6 k3 /t-tvxo l ^ 


Ak 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 







































pro ®ten o.ifc 


K MOOiM . Two s+«. + «j of CH^ “'t o«((«r e* ij/d* .-a tr‘on ; 7^ = J00 K, f>, r let-. T i: 4M<, 

fl=-i«>0 »+... ' ' 

O f iVkj •+«.«. Qe n« ii'et - \w tkfc - (Ztt.lt, ^uiK'inil s+-*it*. ia^e + ktf (*>,‘Vk 
a+v ap pn^f*U Sp*e. f»'c !**«■ t 4 h, 

SCHgMO Tic j S/t/fa< Pat*). - 

ft» +?•%«<- 



g^<£iK,eegiA)(;- wope<_ i rtic. Id &t.i <j&s n^ade.1 applies along pafU i —X. 

AMAUTf li: rhf Co* luo #f(w of *3h <P*" >■< aec od C Ph- 

S.d.r.'^ +-* poWkt: 1-* Bo ** 0.0 8*. , 

R«f**«wu ti fijAW »-«~+ «.+ -(U-J prej,*,* -tk« ,'d.oV 5«J A*od<( ,M 

Appl.’i.U*. TVut, s,h<« 7? «„d Tk * TV *•<•< /«. 4k* ^oje of TV*/* A-?./ 

\.X,,-.]'C,(TUT . U-f’i-T.W f (r.V;. |IT.V)*$ (TiVl'f CV-Wj (l) 

L^k«rf <*, (5j £ , d £ Aft ^ 

Si^cc -u>*bi» *j Um fr a „ U ey pfi'*»'4 #* ** pr*JJure^ i m 

U«*-t ■fe twft ufiVj 


vr^ 1 ' 



ha, - 

ky - (w* -u y ; h| 

■ ^ V* P n v K 



(U v 


f'j «Vn t u *. ^ 


K AJ 

^ p t« t* ^ i y t. 

Ul - M x - 


T fei-f7 J ' 




K* 


6-J IllL 




&v 

u 

V 

T-l J y l 

* k£ - « / l4 

Fi yip* 1 

fv 

> *“pf- W 

T &x- 

ET 

—■ J 

F 

► Ce* 7 -* ^.J 

pv - '* 

JO 

. *i*^' pO 

& <UX- 


C A *£]*>■ 

v ^ - 4*. _ -se. f 

pj F - ** ^ 

^v+ 








Cl - ** - 

(a* 

’43U-C 

]* 

d 

r 

f F? ' t r 3 


(i) 


vx 


(3; 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 














Problem 11-76 continued 

t„ (3j 

.Vi 


C ?«■ 


VI 

'w* v ’ ” ^ 

CoU^ChVft f#Sviwltl 


»»•[ •*' t '^*)] 


U*-u x ^ 


- m- 

-vl- 


on? t w P(~§v) - 

i - 3k b 

% ‘O-^SIV) - 

Rka 1l*j 



(ii'i) <*>(-&)] 

U V ~Uy » 

£0 * ^Oriib 

a*f x _ J. 

v IV vv 

r 3 " 


■+ ^ *- / IT \ , If \ 

— ^ -j «) «p(-^) (41 


TV^_ **£ v* Uk ■fow»*«i tiliKj+^ir i d t* \ Jcj 'r$v*h'eni o 4 iffl'fe Yj tz 

P'Ttf/ftc* ^"^Pj * "TUe v*tu< p| Vj_ t***v \o< ob-fi4,‘Mec/ by VcAvn^ f3e**d/e,’f- 
»* ^ j o#v Vom * TX* r^#M lf| 

v<s32.?07iii v.8©,fW7^ 

> p~*/ 


TX* VAtuei *f SeK«d < 1 c.t' * to <44- ft-u. Ar'n our* o&-faki«*d |kok 7a* ^4— 'Z Y\ 

A CC^rd^ 1 *,« *U Vdlurj *+ Arc V€^U/r<d tl* « UAI <J* f t- fjX- ( I ) ^ (^)/ ^h<J (4J 
ar^ TKc P**ul + u 


VHi fc «6S* *2L f $144 £l ) * 

x*»** i V / 




Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




PRcgLEM 11.77 

k MOUJ M . AJ. tlroj*!, a np««rfj r'le* Iv*,!.- 1 . t -fvow* T] = 40o K f p f =■ 250 „ f «, to 

~ iT* f •■*. 

— " D: -<k. fffd).-ii^-lcu. ert j o-f si++Z ~f~o ge + ^icr- .«.•+* 

P P rcjpri Sp? c- ^‘c (A* * fc /"t £ a A’* ^ j df/f "7£ 


r 4tve/j 



" — * , . *" , l,e ‘ 1 * v, P'^ A« + H* prexfrt^# Cafe «'t 

'* +k --* -I^Kf \ i^ m 


© “ *L~*i * 

^ 'V cf 


+ o 

*> ) t 1 * 3 - *w 

p« - 


(S 

p t T «.r««w y 


f5*+«t 

Oi 

• C J* * Si } 


O-O. courtm** DUnu^c fo -r #„ r "Y "'• "V'V'a' '* ’ " ’■P T, " r '"' 14 1 

} p ° T i eo*rf*«t 1cw r r A ^rt ^ *^ t ls y.£. Tfer* 


<0 


ti *ppt»pr i'a + *. -fer p* + v% 


t. 

7*1 *c t £*}, il- S~Q ^ 

Ub"t^ d l>c rtf 

' 1 



*■■ J 6^ 
/ 

■), d ' , 

-f 

TTrt 

ii. (0 

rt (.p^JS^.k ■fo r 

T^e$e 


c e - R 

i>- r y.«-b 

i _ 2 ^ fa.r 

VK *k? 


^ X - ^ i - n 

1^7. 

J 3 b -j;J* ^ L 

’iHb 


U .U - K 

juf ^-*> 


r 

Tk* 

*y - 1 

1 Vy-k, 

J xb Ti */* 

L v ? +, » 

V*.w< l o 

f ♦k* tc 

k rt £ A a rt+ t «s. »w6 

la tb w 

TVt 

Vftfwr 

Vy C, be 

{Wrt* filt 

Ur**t* P*if atk*. 

S* *Art*' | A.r 1 

3 j V- s V^y 


Cfl-rtv 

Hi oh * 

>*d 

Solving +t , ( 

t P-ad 


yVt-f = O't)^ ^ wiL*t*+t +\J tM-tr *CitA\ Jrtj M tfitf 

As »-* Art* y ‘2L art «t fxftJ 

h ‘ p H *‘7 i 1 ** p^irurt i ^ i^ &a«*vc »*’#*£ 


rn4e^*u is 0bkr^, TU 

ft ] <«0 

k] <« 

be o to + r Ai rt* ci fV#**, TV,W A*"X*f* 
jA)rfi**b ifa o-f- 14#+^: V# - RTt/p^ 

- ( *+>*. TV* v*lu<* o-f 7, 


» < 1 # 1 w w • w / %> ■ ^ yv iprp* v w 

+ < '* fad I.ck - »JO*hh, o-f s+^l« ^ 

To cbh.;. Cs***) ; £ 1 . «.* it* „ le ,i 

r r-T t 


by so t /i’ njp 


* 1 - ^ x 


X 


IJ-.T, 


c rfT) dr 

T 


«0 


CuKt^ CpCTJ is t**t -got Specify he*tr <^, The Cr) f*i*h‘*v* $ 

l »* TVble A-X| *£ W U d "fflv- Jco^-7'< iOook /Su r*t*ffp*r -t^f-t- f* «* e /e -jF*'" 

+ kt Urttfj^ prt*J** + cou.fi^^*> 

T^b^e I-Z3 a-f 4Ke MauJ Loofe #/ Tkfe^I fejr ,>J Fnci 5^>^e y 2^^ 

Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 


















Problem 11-77 continued 

c RC Press, Ct*v«'A*rf, OH, n77 (P-E-Pel* <t. L- T««re , EJi.) 3 ^es C p at 

fr >S 0 * T * IYOC K - An* -t h» r ..--<<***** P*'"' ' * **" A “23 

Hi,!. j.>.H.r«»K ( «»')' Also, V,. t . +*** ■**•«. d ‘ 4 **f T^bU A- 23 

mietti +^** C P •* »»A>I -*!«, H.jMlj +*.-,>*• r«.**K#J •«••<“« 300 K. 

UjiV . 4*li*l**‘ ifc+ftw + k« tHer.K^e j A^ci a p ^ -<-* j» r. # ^ «- e* *-* r 

*/ p P L^*~^» fry- Cp *** Tonl^^j ^ c t«^ 

Jpor**, «| T^l>k u^^ui' be < u 1 1 jj f d i^T^* M / £ tj * ( 4 ) CaC*^ id <0 < v 

-- ft [ « ^ ^ •* pCT*-7,) *• ^ tT *" r *'? + |.^Ti. 5 -t; 7 J ■> |_ (r* 4 -7,*]ij ts) 

Ukr4 (\ ^ Vj 5/ * Are rfc»«r«, , .*<l *1 

6^S. t»> | ti O); Ortd tV ) 

°^ R *~Lr^l- >f ^ ■ r.]} + '* 


, «. (T* 4 

- T ‘ 4 ) 1 H 

TVt J*lUi*>**j VAluei Art 

|crtfl\wn * 

? y **4 7 X ***** d*fr*r«WlfA 

|r 4 k® 

aw 4 ^ rtrp*tKV t 

Ac l* ^ 

*P* e ‘^J T r j fr-J A-<* 

Vr / Q 

uic a r |X 

C ft ^ r 


^ a *~f ^ ■ 


^fcTi 


l 


^ .*2:11 
V-yrtt 7j Jj 


(fcj 


f >* 4-V t* Wed* T~h e /)ha.I fe^u/t w 


T 

*z_ 


11CK- 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM 11-78 


A 3 U to r4 


p k*.J< ) 

*. 5T-«£ 


p r *. 


f5*t * 1 Z - ^4oO 

(Mt*i 3*4 ) 

r 

Cpo “ O 

(.Jin.lv'Titantra* ) 

(16 a*©**) =■ p.ee 4 'f. u/ 


T l *fij p: ihWff l j ff=s SfcfMbf /ft . *Pj $ = 106 
P J *■* E> ' {®0 Couple W 4*-feft, 


-r^p) 

pOM/f-V 



*(!W/r e <J 

- 

“ 

y + V 1 

h + *j 

* s f 

0 


0-03 

0 

0 

loo 


0-o3 






&) £^*tuei+* v jSJ *"t /rf &/■/,**> 



A m alyS i s : 

ato'F: U 


L?ri*y 4^e ti'-preiff*) in 

P**t - n. - sjt^o ^ p 1= f5tf esz .37 


( G..I28 It f/.'**) 


t* lt>0 ° F - '"^t* IT - t±22 =7 f^P 4 s -M.40.IT IhtMt? (.(J.ifT Mf!**-) 

S"^p 


SV*4t 2 
o,f 


VS.' + li -(W* <vto <w«_ pr.jjmt’e v/».!v»<, / <x« d tu< V e-f>t>r pUaS-t. 

RTj, BR C snU-M/ik -oR^bOft) Ooo 
L * p«_ H 1 S62.17 Ifc# Th>- ’ C+to 0 *) 1 - 


^ lw*I 


•‘''I 


-= TM.rU 3 /M> 


y J s 

*5.- 

Bji . 

feoX SlO 


> l. 7 1 ? HV/i 


% 

■V- 

ii'id-n. 

( S«0*- 


y 5* 


S flr 

$o)( 7bo) 

0ooYsiVO./g . 

17. IO ■ff 1 //la 

p r 

V " 

*U0 




Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
































Problem 11-78 continued 

t ^1- 40 j 

'tv*'* 


tot 


Si* U< 


SO 


P«t = upO‘- 

4 Dl*Jt ^co u / 1^- V+&*\ 1 >^P€> f* J**fc 

ITr ’ ^ p ■* y TT *" 

K x -. T k - ty Qt^ O p x. 

Ji j , fi d 


4t.o°ft 


TKck ( i +t~ £T^. [/■?& 


n_ 


o 

nj 

dj 


l -^ir r °‘ 330 Ifr 

T 

sw^3 .wan n-fcz* 

KiT^Pj) = kV 5 ) ■»[/[*- T &0,J' 1 r 

** <--r l) M - ^ W * J^l V " T L \0P d f> 

U^tft u*f +** ^ 

[»- ‘ T 6KU*.( ! £ -W- T (ViS) * •*& 

At tD f4J^<-j, 6/*. Cil-oj 

-.-^. wi^-voo * ('<■-'-%)* 

. /Ur - “£- UJf - <-tv^-i4[(J)‘.(Vjj U) 

t 4 11 

LwKfft. C-pfi t’l gjivtrt in protolf ifa 4« 1*4* i* t. **-0 C (5 V+* ** ^ ■ 

To caUwI# U^-U|_ +u« ^*ute O’f Cp©, T^'t c<u^ b-e dr+r^^-^fd 

-V^c 9n&ci*,rit ^ [('$7 

/* \ ..t^n 

C-»^T v?V, 

”I*e* > pix'^lltUKj H*e d« v«. Up im« « f o/ &*> //-®l 

c r r™ - c f „tr) = ~ T j " <S? 0 , ** 



’/VrO, * -6 BP/t 4 



c pLTj Ifi'i -^Cr^l * 

-T[;(-iiE )<.,- 

i8f> 1 

T 3 

SLl ft.nrA 




C-po Jr 

tpCT ,p) -\8_p 

Tl 


Tku & p 

c cl ^ to* /y ^\d V-c^. 


14 J f* f ^ 




Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 










Problem 11-78 continued 

of tp s-u-lc 6 to* uri ^j +t ^ Jou. 1 ,-Thomson C^UVfaW- TUnt 

‘-■'+* e<j, i/.n J ji / 

*»’ia T fe) p -J= “f. 

~Tz j - I 4 -- 4 -Q ^tkfms 

" (a.oo^^R-iTV/bfi (U<S**) X l*08ft-Afl 1 ' l87 iP« 


(&. DO * *ft. •ft l //bfj Ctt<s*^’) 

T&*e*i w.+h S^.l?) 

cpo* 0-3(87- —I 7 U “ o.%t$<l 

p CttoV 181 it-* 

^-''<•= .-VBM - » C»» «W4 i:i»)[^)^ 

* ^|.s*\ - 1-3.8 ” ftWIi 

™’ 1 ' *■**' **" tk * VtLnf ),r(l, ; llj s. |©J.fi| SfK//t. 

e^- 1 mu 

SCT,p)-«+tUf) 

LKm£ +kt 

R 


U,S|*VJ E^- (Oy 


BP* 

T$ 


U) 


a 3 _ i* , _ b_^ ; i t . s* * . ■ P* 1, 

At CJrcL*. A^\^ 


~v 


"Sv 

* -Si* “ 


_ B 

f Sl - 1 

L v J 




— Aw 

Tt 

R I* 

h . 
Tl 

■l£- 

L 'J v 

*** 

7V J 

3 









S|-Sv s 


sc d" 

1- ( 





l 

- 4<*0 , 

J \ 

778 y 

efti-37 







/ 

r ^p-Vo-fCl 1 


C&sj.rj) 1 --! 





v -7-)‘E> J 

1 (?fc<0 3 


£4fro) 3 


= — a. oac 

> a S 









Lb 




+ p r« 



n e *4 

V'A.tw.t 

f*i- ^ L / i J 

J 0 



Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Problem 11-78 continued 

S-VdL+t C Upf jj rs^ 


Ti-wj 


^i-k 4 - t 3 


f*T 


s = Vw - w »(*-vO P 3 = ISO.©!- 


= 3S4<r B+y/i 


Ar^ u* iH u * / f*3 S 


s,-s<i ^3 -*W = e. *=? 

— 1(9 


S UMMAdV : 


Tl*F) 

p(wv; 

*4 

' H 


o 

too 

w. iib 

ir.scfe 

0.03 is - W 

O.o3 inf 

o lSI-(» 

'JSVI 18o.fi 1 

o o.?3 0 ^ 

o.error 0 - 32.‘tk 


(b) To ev*ii>*-k l 'r, *f. 

Wi'4W AM « n u i ow «f j V$ ; ll l£> f 1 J / ( Jjjl p#.ja I ) . 

F«l|»ui‘>^ AUt !au,< p*^TrJu.i/«( as W C« 4 a hj an d Sj 

h 5 i W j, -* =?.*( r r - TO - XI [ f i + - C %)'] 

s nuf gxto g^Q^g) 1 . ^ *jhi ? yj 


s 5 4)*. ri_ &jx 

lb 


/jm f ( 3 . 1 L 0 V _ I 

/ L ( 740 >j ^(,t)V J 

«- 


s- 0.^03 ^-W~ 


W 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PR.OBUEM ! 1-7? 

F **jp : ^.'**6*. <i^° 4errwe €*./f.$f. 

AM ACTtrS ^ 

*n f >-i<tT,fJ - j o U-(.£),] 4 

u>,*4v\ V - Ht\T/p 

Ar\ - RZ *, *tA£% 

f vO, - — * —kaW, 


"T WIAJ 


W»-*k 


T-r t T Rj P = p t Pt (a*/af) p = )*r 6 (^*/ar,e)fi, 


(p HftKrtj A fruits 


[ 4 tft Ci '* )d1, ■ 

*. R [ ( Ci-a)<!fe - \ T *feiA ^ 
L j a Pfc Jj> WeJ/% fe 




_ 


J 


So 


^(T). \J-yQ fa.tf,w) 

RTe Tr 


s+^p) -s-ctjp; h*cr)-ktT^; . f C2--i)l^ 
-—— “ -1$ 


niiTc 

Or o ^ * p*r w-oIt, fe*Vj 

X*^?) - s( t, r>) ^ V(t)-TCt^p; 

■ff FltTt 


S>‘> J * - 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















PROBLEM U-8© 

E !^' ^ 3 .V.-VJ ^tT»v)- U*<T)]. £fc) D*r,V«*« *-* r n St <>« 

£s(T,v) . V J2 ■ 

A «o*CY»r. f*.) e^. l '-47 itves 

tev T &), -p 

*tT J( ,i- * tT( „o = J„, [ T &U,-f>j J * 

Ad«Uv^ Tvibt^*eK u* ft) *»a l*-f+ Jr<f e 

(u(T,v)- UMT) 3 - t,U(TjV')- U-»fT)^ - J [_ T ^)„- /> ] c/k /,) 

v* f 

As. p^SJu-fc -le«di -fc. MfO .t 

**■ p fVu * £ Uj t v-£ its i d C* f 5*^ U^tfife /. /^u»4r«r ^ AVed T) 

* j.*. . . — \ . . . P->0 * ■* 


U e-jy.r.U.. t tt (*j~ (fwcrfT^ , Ad.rJ.Vjlj , £« . t I ) bffce^.j ,- J?f h *■ /. v*«> 
(MWdJT) ^ 




I* 


o r 


u * T 'd* w *^] “ j" Lt^ 1tX*pJ c, '‘' 

U(T, <,)-*' It) - |[t[^S ) v - p] ^ -«- 


C) 


0>) € 3 • 11.11 a ■*» n 

fjii"! = fee) 

V-av J T V3T >* 

T«tr 5 r.{N^j fr.w. •$j,* ft .f't v.Ium* v* tfc v .-f -f, *. J ~f 

^W-^V')-- i v ,(&\ dv a) 

Fok O.M. V 1 W 1 1 «J pxfLi/v, re ■ Ui,»j 4^,'^ . t\) 

^TPT* A U A 4jC lA ^ £ J 


- t* (J,V r ) =■ J -~ dv ' 




Si^b {?) *fr6^ 

V 

fel%*} - - C SCTy V') - S* (T, v»)J * i y f LC>r\ " I ] dv l *) 

As "* y*rt IaO ) a* fp»C» fi't V0(ui**e 4*^dr t* i'«fiMrfY a"# j-/vW 

41 **■ (** r a Kvr< / 4 ms* *p tdfi'C -ti«4v-*Y»^ *f a. rvy: faint* &pp/yc>*eK6j -K*—*■/ dr i‘d*W 

5 <J *T~Luf^ "|t.a f a. y L 


( *1 -frsretJT) f Zj.fr) ji'r+J 


SCT/vT)- \* (T.V-U J [(Jfi-f jdr 

CP 




Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 








p-rorlem h.%i 

ICKiOUsN : TUe. »f «s+«1e 1 j 

2^1-t- BCTr) Pr. 

E . «* ?.PJ 1>:ve -for ■+•'«. o«d d«p* r K*rrj. 

A tJ 1 ^ LT £tSt U» + 4 h 


uUer<. 


Tku£ 


f * 

*t T ) - ^(.T,p ) _ TftJ . /^Z ^ df* 

fT c " 4 ^^ 4 . Bft 

4*A , dB. Pa 

V^Tft^ <ATr 


V- i 

R T c 


v [(£/0 a 

■ T *&y« 


8*5 I’n^Kj wifti S ^, 11 ♦ ^ f 

5*(T yP ; -l(Typ) _ V-T» 


*T e TR 


T ‘( ik)^ 


T* 


1 % 


+ 8p n 




4B 

Jre 


Stk 


* Ifc <l t TR *J 

<± Tk, 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















PRoBLeM 


IIS 2 - 




A i b | pro^i'i* ^ + Ka. c 6 s-^c> a. /* H* / « 

U. &4L LwU fH OH 0 


It Vi 'M ~* J V r I r^4 ^ n f ^ ** f y ^ r r V* r t l ^ *■ 

-- , — - -1 y *^ ^ r fUi*SJU-*-4. U U*K(i. 

F* *^0' £ * j ^ ff, i r ^ t K*-* * f *' tfM# t ) Uf s i Vi ^ ( + }jOto Hit** ah £■*■ A* - * ^ * r 

4^ fU-> ^ i_w*c- -f^ ^ 5 at fu< |2 acU*'c ITo/om^ r y o- /i ^ 

<c) Ut, M C^tJj C ^ 4*li -fW Co L wC_ ^ p^t*ir oct 3 OOfQ /v- tw. 5t? a ic> fea#* . 

‘"•■n- h» UC^y-i^ W.-W dh» . Tk*-, r 

dv,^ T ^) T Jv ^tr.v'i- v.(t j)V '-; =■/,,{&)/' 

W|-H*. K-a. u vp V } - (>“/*»)t ■*" ^^* l> ''Vi</)r • T*, 

$) r ’t T l&-7]- *&)' 

ju w e **- +v 

w„l-«Tyh f ?*?). -►!■" * t,.lrt.)-^•■><T J v1 

V' —+ f \ 

X*. \fU^ JU^Jjt °* P ^ * j v / - a ^ « ** * tp*] CT^vO -> £T ^ kf^v*)-^ k J/ 

KW ^Cr)= C U^X'fU* + pv- ftT 

W*ct)- uc-*;^ - rtL « -~ £?/«» L 1 Jw ^ 

& * 

\>/« +K T * T* Tc. J a * 6 t*tprr'*iVj -+^**+ ^ w^> I c^r k*Sij 

T ^Crl-T^*) ., T« f I- ■& - fr Ll ' 1 ^ 

1 T C 

(to) V***^"- 1 P J,dl *' c( ' e*o»f)ew <J& 


<‘J 

>K»i-/c.'^ -rWt k* 

(X) 

<*) 


<*■) 


_. = «-I 

,*T iv y - b 


~ p + 1 7t7+wv¥ ^ T ^X" V vw^i-rr 


VzH* 

PTt 


b^i 

ATc 


1 vtv^^lfT 

a " i ' £ '”^ l+ 


-T r t - t **• fi^f‘^-4)] 

T *- l'- 2 ^ 


[4 J 




-0 ba r Obw-'^ a j b t^JUA-1% ■+£*■ 

CO • JJ * 5 0.S4W»-»^I, 

M^c-u- K^~ S *<j S r W 0 fc<)7, Zr-O.® 1 ?/ ^ 

t ^,,H.^ 1*- i+ -. ' fff) 

hflu* Sr L Zl ‘ z ' + iTST 5/a ‘ ^ *- ,u/? - J 


t:v*&t. 


vij 

p _ 

(i) 


li^AV^I 

JkJ 

p-* 5Sg]j 

(mw *-£■ Y s<,oK ) 1 °‘ e * ' a(*-wit3*iy^ini^!Ji. 


L'+ °7^J 


is42 ^5 
n«« | 


<o 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Pft.cQCj£M //.@3 

It joou>aj * Twv ^ ^ da h a f &K*v *iu*f pi' a*. 

z - 1 * L « TT j t* 

jF" fri}*' - v(V|7* t S^d U <1 ^ z.£> M P*-. ^ I i/fi V &** 4 C(j . C&n*^ft 

u» 1 p f>.it-. ^' i '' w ' ^ lc A-4* c ^ A'** ^ 4 

A*M UTS I P At SfD 0 ^/ ^ 7V64* A - 4 O. 0*fe£*T *■**/*£ ? - P ^ 3.,^ <jrw£ 

£p *- 3 1 *5 K t 

Tk tff UA b-< <t>*pr^ a pf 

{?-■'[*- *?&Xwj)’* ~ f - ti • 

K K/H ^ (/tiwp'S T*M* A - * 

'•• (HS ssxsae-O * (+ - ^'Xs? -)&-) 

-a ■ —— ——— 


- £? ( oi^a 

i p f " , 'J a.,^ HflA^ i 4-<fy^ ^ F <, 

r.. <*. 


oibl - o OtlFf 


o otuST 


y*** v -a./ 


-p>- 


~Di f Ki bM. ^ «■ ■j ^ a h fi- *> j- r A-^t* 

lV -i^-g*** * <t§IV 

- i*" b T "' 5 

; \y W h‘ <*-q T U* i 

£<.-■)- h(.' P ), v ( i *e Tft 

ft "Tc. 


- [-i-S v 

M.t>A(T^ i - I ?T - [ e * u 4j 



wi TH dH / ST") p ^ ^ f ; i lv ' 1 

L J4 iUs 

La p f y» ^ j Li fl A 



j Pc , *T t fc A.. Ta 6(c /» - 1 , ^ - ( - ;> - c ' £> ito.‘(") - 0 .‘for< - (i 1 J-'V 

vy feX JftX 

. <tcr 'j 

,- q. 2.13 ih3T 

(^1 K. 

f li-nf/ 

3.tw,5 k3/ K5 .k 

/5-A-# S S 

ri 1 ^ ^ ' * 


, ?ji/tr0.U& = 2.SS; £f 
r if y <■ 


W li*^ V-*- ^ rt—r 

© V -_ ^ - £■**"Vf^V' — 

' & -- A <i \ 


t ‘ TKe Fj t e- fj vk h */ 4’^v-fe ^ <^f*£ ^ J^,V j t . ±, u- 

|U_m, p - y- T bf\ PM jj«-£ di*f l V? f iu/jfiil? *® <-J f > W C? ■# A* p >'£f?*f fa j fUCl*. At tffj 

act ^ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





















PROBLEM IK £4 


« 3^ o pe***-£**\^ o_ cx*wy*^e.i $ 

-£vr wUCck e t* -h*-< ujo^iCi'wi-j *f~* *j rd * 

p/A/13 * Ev<Au^+< per *1 t^jUHC (fl^J U/tfrfc. 

U) + -+^r£\ n c * * 

SCH^fVtATlC <ff &ive*j DATj4■ * 

JN^. . £AJ6f jU£E/%UOO rn<3I>£i- ’■ 

j. tm co«s^i v^i ljvk^. f* *t sU^y 

z- fovM^,?fi ^ octu^r ouV'K'-o^ 

irt i r f tvcvTu^p, (**r 

it^" 4ci^p o^ H^-f e ■ 

3- I £tis\ch'<- pef« >***' \^4 

c*.^ ks-e ^ 


l 

l I 



v £*.*% ks-e 10 lA. 

_AmA^£Ci_C: For +^t c^i-fc J e-f, fc.Sl <A *y^*Jl 

^ c ''/^V*v - TL^-i,) ( wILa ic t -s, 1 U oi,Wk«* frtA^ e^.tt.^z. 
r*v 


Jt- L-j Lrvi-fl 


iTTO*— 'F 


ft»~T»u^A-l, j> t -_ si.^L w # Tt'. 2.*3 K . TVxit, T K s(?tyx8lU I--2; Pfil-<!%■/2) «. 02 

ffet'(«x>/SiA)= < *»?■ TV*«, fSg . A-S - , u;« ^et ( ty) s 0.0 s / Tj^] _ ( _ 

TV\ vwl ^ ^ ^ 

^• 5 -- -^ r ^-^ mrr -%-^ * ( ^ L - r-ui 

- -Ig.vH M \r ro + 1*5 - 0 - 0 * 1 * - 2.7 %? -*I 

v nTK)L J k ~* 1 k 

i#V' 5 40 K [' “' 8 > »S t ]- - 55-0 KJ i*i — 




Cb) 


prtA>— 

U-V- 


Rji <L»C.4\ o.*vd < rtjJXjL Ise-O-AAi^c y ^ ( W "7~)-- £"/*l-tC'il-Ht), 

F t q. A-4^ w« ^«.+ ( h^-k \ , 0 ,| S / k - k \ _ ^ _ -Tkuir,, uj.-h* E-. »t.ei~ 

^ rTo » t v ~$rCU 

Jkr 


'*^K*d4C(%r),1 - - 6.M)(m)[*-°-'s]-- - +1S2 - 

= o T ( iTi, '' ^ 


W,-k x = ±lfh? x ISTjT ^3 
i».0f TZj 




^W£V^ _ -^g-C) + 1^ = — L*?S~ K3 /|Cfc 

r?r I 


Ca) 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















PfcoBLeHl 11-85“ 

Xmou/A J - S ^ op <* r *. fi'Vi j d a.ic*. jx,r ^ p ^ T d-«*J '£& f* a-cL^a h*. fr'< 

G jO£* ^ Ci CH 4 ■f'L^ro u^i*v r £ ■ 

f" / AJ 0 ' D ^ »*-* -|-t*j v** t/r'K. pj& 4 p tv * O 1 1 ^_^- **^ x £ <*^f ^ u*«* 1 ^ ^ ol w d 

Co^poMV-» u^i+K +W CJt H^'vvt i ut^j f-t^-t \ ^OloJL ^ OS di^C cf* Qm . 

SCHTM^ltC <£ 6 */£ *° T> ^ T-d: ^ 


c»* 


I I 


T^ooK ; 

P ( MO H P©w "* ~" ' 


! x- 

[ TUM.SK 


? */p,‘ '/s 


J S' ^»J6j AJ <$-£/£/AT ff- Ai Q pgl ; 

►sn^k-K I* TU-* s/^tvvv^ tt &> %4*^^y 5+*^? 

fccAntfrc * ivorr^ j^^dH 

Qxrt Uij^ | , ’J1^-C» ir-c d * 

3* TK> f <i >* ft 5*^1 5 pM^-i-^ri'c- *"* 

£a«/f , 


A M A(_vc [ ^ ■ Rjx<^j <u* s tk^d ^ k> ^ ou—£- - Ja3I 

{¥Y-M*^ * (StY*' ; wkiu*^ (cWi'hx) U»-t b-i ^vuviA 

E ii'8i ; 

^--^[^)-' rt ‘(^)«-(%) 0 ] 

a,-Tv) 

W.+k^f-^w. TaJU A-lj M-* K..04 Xc=‘^IIC / P<L~ H(,.<(bar, TU~o 


T„- ^ 2 S» 1 - 57 ) Tri*. i 2 £^ MS; fi * 1 * “a* *' lc “ J p «** J=^ a °- 4 3 . 

"|V* n ( (Vtfw Kg . A - */ 


C^V 1 »(ttcV 0,,+ 

tjfY- [, 7 ?r^.]L^^X 3 "-“ r ^ ■ (? 1 H ^r^ 0 ,u 1< 1 L 
. G£«U xMr - lo+ ^ = ‘ ,t ‘ 3 k ^ " 


S<> 


!-«>•?* 


l*Ki A -^£U3 V ** 

(w-y. J.[i;r-cj 


wK»tW« <.>% Y>*^“ 



Its .7 feiT 

iTYv^ E ^ i I * §"5~ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























P£o8LE/''t 

rf^-k Op* +V^ j <J (f prOL/i^<f«i -£p^ ^ C o z f tfy- fa 

WU-lcU*. Mo_ t*» v-*j or--f 

P^l) - -« + - C^-i V«-I+- Pu*u £?p ^ 

SCHTrvi^T ic *5- C L^&^J t>|^ ; 


Nk 


T,s3dok[ 

P.sf-SM&j 


^ --- 140 £J 


a 


1i & Soo& 
r L *&Mf^ 


ev6iM££/?ttOG- Model l 

f• T o&*% fv~e>( V ol uw? i f -f 5: Pe*.o/ ^ S't ^ "fe. 
*2 - Kmefi'c^ pofenfi'tf-J C L^wj_jg j 

Ca^ b~£ i ia-o re d. 


c : RjJuc^Wj cwd p? A / *K^tx-* / us* gtt 

- ~£- ^ C ^l - *11 ^ ; U/Uj_<j (.h t - h ! ) Ca*a tu-, fo u ** ^ (/l i H, j G"7 - // - S^ , 
U//'+v- <± ^fri^ Tj- 4.^. A~ly M - Z&O i j Tc - f 2* & fc ^ ^ 

T * l “~ 2 - 3r ' g?' *■**♦ fir* ,e 

Fr"a^ A-4/ 




c 


k-K V 

ITTf, 4 


O' *2. 


r#)/° 01 


© 


ft-*— "T^Lp K* = e?Z3 *3/f=*w* , 7|^ - l¥,f*f A=-CT/A=*^4 . 

t (-•-••-^U^L-(¥#),]] 

a. \ Ksa-s-Jw) - &.*i'0(a 0 f».ovo.it]l 
«-°»L _ v- ^Jz --- J 


“TV**s 

Kj-ln ( - 


se s 8 

= 210.^ 


-3lW 


pi r-M^ 


QfcV- _ g^40 jc^r 

^ " n 


iw.-itz ■* - ai-7 - 1 42 
^3 f= > 


f. 


X *a -f£"vit €-&-$ e ^ E**-* 1 2 Q s VW^U-^ 

b-* Svv^ R^ A'2, j 

A-a^rd fa f R * 


C_frv%^iri b i/ pVL 5 1 . A^ 

y jive Z -v. ( lu ; ^ 


Un 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

























■pRosuSM I !■ 8f 


K«o ■- 




°T_ a c.%^Vr* *l Volume ^ * f K Ck t^ST -pCo ^ 

°£ ^ tr 3/*^-'^ LOo Isfl/'^ lf7K. C±*\ d , 5 *d* * k* for e* H*j 

-ho r >“l> l**^ , 

p.wv- ^ e f- * «-i K« •( e.,^,, pr^cf,-.,*,. 


Scr+£M^r-C * t>4 74 : 


Oa_ 



s i ks/w^'* 


*87 K 


j yiab*' 
4ocJtl 


£fil& t KJ € e € / AJ G- 

- <? - P ^ L »’ tl> TUj > .-„ -ffc^ f, ure ,- s *1 J <— ^ !/».#. 

tt> fi>r-r-i c^tv»t ^l^e^dgso a*< 4 e-i e^szy 'ffr'-h crt HtjUf.blt. 

Ai»>rtirn f. (Uv<a'»; <^«V,) C’'cr^^ ^ ane4 <.* frr°fiy ht*l&t\<-*s 


^ = S - hx. , 13i s. S, - $ 

Vu UVl 

LI - dV 1 &*. 4 . M> ^ -ho 


Cy*(vft+<. tif rc«f rj vv a. Jr nr p^y 


Tr. = ?lII5 - 1.04 J ( fel , loe> t>«2 

is> c J s-b-rb.. 

T* t -- *Sf * 2 ‘ 4 ° , *i* *&■» 

; y*h ror 


For Oj,^ T^4JL4. A-23 -j - 


\+ T-* 


W ly 


Tl**\ 


M 


L C.UJ 


ntsi 

1 H u J 

1 * o*W } [ 

• rtf 1 ] 

- j - 

f ( « 6.Z7 

r h*-u- 

} Z0,^> I 

* r < r • 

1.* °' 1 ? 

L 

L j 1 

- IT i 

1 2 -iii’ 

fc £3 1 c Ml t . 

T *js— 

- - / tllH ) 

n ' 

(■"it 

o.fc^ ' 0 - 43 J 

“'o^<4 -8 = 

- ia.q *T/ Kf 

j _ -lfr.i)4eur 

- 

W 


r*(T*J ~ s"Ct, } - £ /^orf-z .3 

i 13 . 11 .r- mv<‘-*' 1 | ' < i *'^ pb* 

A C tno p 

O^v _ ^ £ * - B [^T 5 A ~ ( V^j] _. C,.Ag4 _ R1 i4f 0 . 17 - 0 , 17 .) _ 0 


M 


*3 2. 


£*■ 
•7 L r^-, 


© 


^— tui * 


**■* 


\ [ ^*** * 

N [ 

j 1 C-'S 

1 Vws/x | 


L Owi'a^ Ti, -f^ * pprovi**^ -p o-f- 7c tn>u//*2 d aUk, i-Cj_ 

*r a hjc 4 Ck^ t\ &* tve **^e «cc «-*"* c j *** -tu*. c* fc^/* p ^ 4£o u_Xt7 c^tad 

t* *?«o4<d ■ TUAf 4-pptiWf U/f/h ePfet'f fW’ e^+v-cjyi^ ^ ^ 1 S-*A f% W** j 

uj u> c ^ ^ <c n *ya 11 ^ j-e «f 1 h ^ c. + 1 ? f"# tA , 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

























PfcoULEM u se 

knou/N : ope cLa+Ow «/•« prov* <Lt -fw <k 4uw(?i 

C^v. O-r ^ uv^ i ^ V ^ Um>^ fet'hj -f l u ,' 4 , 

FJ»sJD ; X>€ 4*r ►sj L/pwf <£>£ Ar'jc^A £a) U>Orfc ) Cb ) 

<3*^o^ pt-ocLocW- 

Srnr^ATf c ,£ £ f 1^/) T>3 “ 


ARCW I 

j I 

F I 


? t ^iooW 

Ti-lUKt 


G?*v-O 


u 


fj - 40^r 
%- 23 SX, 


£>J&1AJ£e/gjfOG- MOpfL : 

h T*hj Cort f-re l V^iuw^J ui o^+ $ \-*+Ay % 'hv’tt . 

2, Cz?tv - ° ; tXAti VCi'h? Vft ^ p4>+*«+r^ € vjur^-y 
C 'i C4v\ i jKOffJ, 

. e* 


fisVfirUrsx $ ; /?«^cuv 

to#-lu.rt Uhj^ Lju < 

W^._ h t _V^ CO 


3 1 * ^ n€ 


t-U-lprTn'YV^ 


) (a) 


wwe. e^s. H.0\', U4l <*•'« lum 4 -te f,^d Ch ( -W t ) /*,.-*, ). tu.K^v £-<^ ft-Ij 

M : VI $■4- *$/te>*^-*, Te * <y l K , f t :4P f fav. 7' , »<*» / 


Tm =- -H£L-e a if, Tr^- 33c = I-Tt, Pd 

i t 1 *ri 


\ - '-£-£- ■: t-Ofc . Pax- ^ > - ir O. 

4-MS" A?-fa 


AUo, f.*~T*-bl« A-U, Cp* - y R-jT-A-^J, A- V 

(*&v oif j r^).= °- w * <.*¥).= ••* - (°' s 


-\] z 0-Z% 
fcTi U 


TV «Hj 


** x^)-^K^i)v-(^rJ]] 

3.sr(t.-t») 


|^i^.y(qo)-isi[o.H-o.3?]J 


4<* 7- ^ 


VMi'+*>. 2-3 

■a.sfc 




<•«•) 


?*i t$Hl - s - *1 T).-(r)J] 

© x IftL *C” “ >*3j - ^ - 


Cb) 


C ^ 4^_i roy, ^ 

CV*roJLvj* 4 ctv^-5 y fv e ^ AC Ctwa C *| ^ -+Wt C^-Lc^Jlj—|T 

SUoa_l ci b-( ^i. pjuJXZl ^ ‘ T 

e^tv-rp^| t Sa Uj <x*h ; CuUu CX^. CMV-t Vt-vw^ T K "*0 /U? tA^cU^ • 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

























■PEOBLeM ll-Sf 

O x ^ /row, too t>-/) TOOK to ZObar. 

RWO: 1>« -Us* —,^, +*v. V«^ir»fuf< *|tv <-tr*y)Arr 

VaIuc O b-faUnt d ^ ^^5 * 1 *^ 0 ^^, 

«5CHt MA — LC % i/TAj DfitT/^/ 


<£\ 


V*WC 
1_ 


f> iit»W ' * Pi - 

X ^1 - 7 


gjOafUgeg^^- Aiop.su 

TVi«. sio K 4 cr©ss “fk* v<tl\/<. <je( karts ■lolkA- 

^fortting process moM of Setjf-urv, 4.10 fev 

U)lud\ k = k. . 

1 1 


a»jalysis : Uji^j e ? . i/'ir u^.^K h L ~h {) w-e j*i 

*«' -ST.^] - Tftt) -TU [3fJj ( 


<‘) 


Uj ,4w "T*>UU "Te - £ j Pc - CO* T b*^ 

*" m- '•■>« - **' 5f-- !, + l T„. 5^ !( .1S- 

A-'4 ^ - o « S' ■ TUAj A-i 3 ^ 3 C 

TUajj ( 6vU) i>e 

vKi- ( Sl .,) ( mif^] v - 


<*>+WT- 


soqt, Jii 


u) 


Ct) c^v\ + wiirv iw d ^ V / jw© c» pUvql uj .iHs. ^ <^+ck. — 

CD Tkblr A - 7**1 ** Vi **_ <x»^d -fr **— F\ ^ ■ A - ^ I Q ^ . .. . .^t)^ # X4-*/^4\ ^ =" Z_£0 ^ 

I. AV X^iSopj Ti>-<>-Aj - i.1 ?iSU Osia^, 

U*- fy.A-* f^i] = <5J. 

Q L Rtc Ji 

£^ » V (Uaj^ -\ Iaj r« i-c *j X “J * £ L-o 

X*(t^ - (fcw)Owtf "I = - Cf.}i*J(uN)(<M)=-Soil £2 

w [£ Tc j 7, 


U>Wtx~ ^ l % ^ "flA-t VT^aj^ i c T/ (fv\ 

f^VuVvj fK *1^^ ^<- 
C£^vA-^I cLoJ-* J^J ft ^ </Va ^ Vh , 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





















ptoeLGM ihSO 

oper^rftuv- <^£a-K^ a/^cl ppWi’dA-d -far- ^ ■ 

F / Q ! CCfi’v^^K^ ^ e Ltj t fJ ^ <it J**'**^'*^ 4-£*+ wo^c dcts+JL^pe^ 

^5 ^ s ^=-^*vr CoiM^ vw.'-rtrt i' (J-Atf ■ 

^ Mrnc G>*V£U ~b*X7A : 

/'a\ ’if ** 

* / r i > x 


•p ( -JOMlV. v 

^(m/O v 



g/j6/AJ£.e< e<HJ <f- tttOPEl : OVTW ctwh-cl '/olu.vu«-slwu;y\ M 

/*LV Q_* >1* - _l > . ^ *. . 


C4 Hj^C jffxti-pt Gj^yi o 

t(e. 

A *-* A L-T" X J J ! <L*> c-C *\ 

n> piX 

v%tC- litr) 


u-vu«- aw®uj/l ,K -fC*. frj u^ t ,-, f|. jf^J Jfitf • 
. y e - **' <# tikefa.//»*Jt«h e'vj^rj^ <4-^d\ 

5 u ^ t 


_ 3 '**•«■*! cl»4 ei^*vj5 r«A. ^^hcao^ w “/ii - *i f - *»*.. 

t^, w4 ^ +'~« I Kr e cC * *% 6^ 


6i_& ^OL^T/O^ 
/ wT+w 5 lj ^ 7) 1 h 


1 j *3.5 


l»>.'-K s-fe*^ 4»«>ie e4s.+» ; ^t- ?4+ j.icJ/e^ t,'. 4.es3 ico/Kf-a, 
<*<??/•1 o/e$j Tt_j=?2?*e-- Pff.K*, 


o. S'C 34+ 3 ^ " 2 ‘‘' Pf-4 '^ ? 3 4 ? ^3/cj 

e-E ^te-Anzto ck/hl-t ioLuT/oW . 

T Rl - ?73*= 


HttMjf ex 


'■«• ■* (ife/," 0 " 

(fi**'*) 

D . * * j Cui 1 f H £*} ■ l f ^ U 


/’Jr 


4 47-3tl' 

?c *~ its * e>^ 7 

i** <t 1 

Ti? 5-U-t* U i S a - S 




tfiv *-*') 


«- [w.wj -»>-$- »[0#L -C-^J] 

C..+V. 1 ®Ct,J fr^ T.fe^ X-23 -rW$ -V^t +I~*.fur.vv. 

S*<T.O - = "■'•«' fe - S ' , '^ 0r ^ * “* C '-' 


RTc 


A*4 


1 C-t 5l 


! O-^S 

h T*.bl* jA- 2-3 

1 ,0- 
Jzs 

Vf. T Uaaj j IU 

K ~ ~ - 1~tc- 1 


- 7-8?<, 

-i£- 

*\2 

it 

0^6_ f = 3 


. 1OV0L - ( WJjM'- 

-- v ■-=-- 


c k^h- 


m * e j v - _/■ 

ab^ JltfSi H-Urfv^-h*^t 4>-4 wU /Vh^ u^Ajr ’ 

t, Ui *^7 Ttv'ifeooic^ TfcWc A-11 = ZIl-Ql* . ¥\^utt A-r jiwj 

( .t*-S j . p.i . Tui.^AfUfi.^ t 1 .(0 vi [ait n)-fM(vX6 3;J*i/o>'#^ t j 
w Ji^ “ .u.^ 0.4% r< fK+W^ V.M W^^c 7 .t«). 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



























PROBLEM ll<u 


*VpArt (Jjf' r 5^ ^ tvu-|^ »' * a ft t « j 4- U-r* u*- l^-trj 2f l - S* ~ £ f a. +-^ 


op 11^+vt^ ^ cLflk. po* £* f-^ pkAo v |' 
f/^D r Ok 1- -P^V dv/t, 



£i]GtiV6&&ttJ<r MOQgL I 

i* A JVai Vo/^ (h< < jh* cl ® fi v\^ i P_*. *4^0 jj. 

*t **■ 4 fe^d Y 

^ - T p-* tv a.*■% t*e™* ^ tttKfvvy#rc. 


J ' P# ff n |\ *-^ jf ^ o f- ^ 


Wgy J_ £i t, y 


; 3 


l*-o / e d 


A>J Au>rrir . fl* <U, ^ rw, Ve “o ,*. l V/^i \J^pvTT*'i-”^Tj j t0 

Cfct^ ^ ^ 'J.Ii’wa M*?^, Fi^x"L / 5 faff 2 _ i\ 

£\K«*d Utt’n^ S t s^, 4~d (5*J. /(. 3?, ^ 

rro^-T^feir 4-<j M = 3e, Tc r IS4K; p t , 55, SW . -riMM, 
to 


p n-- «•»*, Pn-. -If-* o ?*i , Tr,-. 1££ 

»t *r+ 


• is- 


Wkioi S t , e^.ll^t- mAoc^j 

s*<TO-*l r -fiJ i * !•<,) + **.*- R[^I] 1 B mi4.*-s -••«)- '«•»:& 

‘ C2J 


T#,*l* *-^3 
n?SMi3 


^3 A-C 

a o.rt 


© Tl^fc fe^utlf Lf%.iMtAM4 4<Wl^M Tt. U,4 vA< ^VPW^T*-W-*rt ^3 

A-S- w* ^d* T^a-fSK. 

Tk* w, +<* -ft *v Dh - *lv ) +*—- ffl l l ^ } tv S S' frv* ku l jt^- A * £3j ^ J ^ 

k,-Hi> h* - 4* -(tTc.|j^± > ) | -^^^ ? »?3t-7-»3®-Cjt.l/pCirOjjj.SC-O Z<fj 

s 1**1 -ti 


TWi*^'E'^t^) 




i. a* I'irX j T(tv ^ l-ri twh^; V- p E1 - o. P»l- ^-• s ' 3 * 

o-'X . “MvJU*-i2 * TU ~' ^ ^ 

Gl u, ^ Ht.n 

+v- 4^^. ^ AfW 1.4^^ 6-J • U). 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























11, 


A Pi^pjrtds at ^ coai^H**** prfj/u^* 0 / £> ° twx^ fra*^ 

T( * 2teit to it ; ^ oo t - 
py^5: T)e W / a » M 4 05 /*i, 

*SCHgM4T<C T ^AVA : 



Ti ■ Ilo 0 ^ T t z 700 K 
p - <£o ko*.^ 



gfJ(S>ftjEE#jAJ G* A1PD6L . Tin fcysktm ik^ujvv ** *** r<y 

ckAK l^ *'* fcj'*iefi‘t or polfAh'nl 


u r<, *tfp**V*nf*r 


*o 


A w*t' 

rj($i 

Aj piff'SJu.rc 

,‘j -Mv«. 

ld t *■ 

*c *"r 

^M/<K 6^ 





hL , 

V*\ 

u 

^ pdY - P 

| 

L V t - ?, J 







TUfn j 

£ * *4 f * 

Zx P?/*7 

t t * tv' »l 

^ bp 

Cc v* ej 






vr . 

r* 

R LT12,. 







to 

Uktr< 

Z 1 1 

+ l '< £ U\J~+p F'Pf / 

> hi 1 1 *f*cior- 



A- 1 / Tt- 

crt.*:, p t ^ 

33<?fc>a 

V So 

*V 

&o 

i?n 

= 23t», Tr 4 = 

- i■?$-. 

uu 

r« z -_ 

* 

fv*«- Rg 

■A-2, H, - 

0,^1 

(>S»JL 

*». ^ 

o «W. 

T^«, 6^ 

■ CO 







w 

V\ 

- (T 

HI £2^ [a»OM4 ^ «.^L2o)^0-4 

0]K 

=. 80S 

KJ 

*5r- 



^ b*U.w« r.4a«.« -a ^tr-o-w- or G?r AV+Vs- T W 

* IG. V -C.,1 .* Uv t -f*,) - ^x-K. 


tv%*k ,u/Mu ei•»<• 8>' 

» - ' k ‘ lT ‘>- V,T ° - 5T ‘[ (. " tA iinO .] 

\ai+u cJ*r4fc. -frows 7* A"^ a « d F\ ^ 

•£ •. -<S-3W K l»-M ^0.4-3 “ 0-9tQ = 


w/*v 


Q/fV 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















PtoGLGM n-93 

ce^W^f d vu ^ c£oi*4 J Aa'j iA j i n T u I a i< 4 /€TS« 1 ^ Vh>/<d 

bj fJ^ddJU u'br-cf. £4^-fci. s£ a»+<^, cirr p^-owr^ec/, 

^ t l>e (*V ft^perAHi^ Ct>) uj o ^ic^ An.a Cc) +•***— 

{kk^is»±Y ^ av-er^ 

ScHirv>ATiC t>A - 

W o.tiZ»? 'f/jf'C ^ 

Pj -=, too ^ I ~ 

T,-2-&qK /I Q t L 

Fi - f/ ] 1 4 

X u . * " ir 

s~s s sy 

uTV'^'Xr'’"’ '-«• -5U- 

A^A^rStV. TkbU T c - *£"<* *T j ^ SO - ^6*-^ , TUm » y /V/ - _ |. <? 

r<^r - * 

il^ ■* 3 , ‘Tft;’ U¥*-> coi^j^h. b J* ^ 




(&) Si*ce VoU/m« is Cqh£+*^Tj -= V, ^ ^ ^ ^ L ~ r ) 

T l .(|^(^T^(“ 7 i3ixsy«‘V- p F L_ 


r. 


0») <W> l«»Urui /~v-»_»xx><-t> +o 5« Zi XTz. ~ "W" NW - — ZlXT*j uv- 

-\ff- _ VHt«X-<J|l - - pj-)j.-C •*• P*9,J =“‘^CC t, »- l 'l) - v(f , *-P.)3 • 0r 

/ViV\ai, f> 'J'- 2rHTj ^xr s -vw. b v -h. ) - R( Z^Ti — z jTi ) J ■ ^ t wje 

z~ iK ^> ~-- p,v ^ 0 <>o*^»/.^Ko.‘n^o 

1 *^(LT, 2. aTi ^pS3il( Hi* * 

*4 c j*4<- A h ||. &r «-m-’ +^v 4^4^ fr T<~8 -Qj A - £ 3^ P* 3 ■ ^ ' ^ ' 

^^•'iK-^-* t U^bLW]J]'u[ ,, ' w '’ , "-‘ ,,,, '' 1(,!M) L , '' f - WJ J 

= io* w/*a 

^,68. - f<i->tyaw-fc)-(*•*>«)(».»>)?) = - ISSI -*. 


TK « *\ 

w 


a.0.^4 


»*- 


(0 u«. n Ei*T.^ <T 

6a- n.4^ «-'«i cL^w-f ^ -r^<JU 4.t3 ^Rj. A-r, j«t- 

^T.fi.-s.v-^fCJW-s^a) -r^ ^ )-‘ R t( S ^‘C s -^Vj] 

M *- * 

r- y.awL 0 - 11 - c ” 1 -^]j 


- ( lo.<t4y^x8g) ^ ai t, g4- 203.13 - K.JHAk^ 

- 1 5/^.V- kj 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















?eoe<-6H tu 

Kwquim; A t K"*l of Co* *■*«* act^'+i <- vo/mm <>/ £♦*** *t 

T- 400 k 1 , y fdl : 0-S , P/utriwe t ted isobar, 

f ik > ; D*,^*r*M/*< p u‘ fVi ^ (• / ^ *j j+*+fy K^y / ru4ti- 

+** co^prrjj, It,‘(.A, *0 *H*'h'vt f***l**t r+i* 

+ Ke ta*^ r#%ii fc* ^»'^| ** 

SCHEMATIC ^ gWff*f t>AT^: 



g/J6ffu€££fMfr i^gpgL ; The mi fc'fuA' k a dosed 

An *i_TW£ <■*■> Tdt^ <&A* . 

P- *JL T .- gS^~)(4oo* rJ IjgT u 2^.7 b. r 

V o. > s M* 10 M > 

Cut Kii^'t Bu.'« plu* g- cAort, . Frou Tiitlt A -I 

Tg. tip Pe. lb»W 
'* C< ‘>- St>4 7J4 

X. c t rt(. JOS 4S.& 

€yT- (M 7 

T C -- 'i, *&• •* r cl i <£-? XieO •*■ to-TXSoj; = ^4.-7 fc- 
|fc - )| 1 ^ Hi : tC.})(7M) f (.OT ll* ?lt > = «.I3W 

AccorAt'i'jl^ j Tj^ - 4 oo/3o + .7= J• 3f3 a«J 

V- i (jO-i T ^Vt* »IVS6-J ] k / j_ *^* - tJ , 0 33 + 

?Tt 

Vj;+K +u,» vaIx*. , fij.A.t ,,v« Z-- 0 . &r } ?% - J. fcr . W) - 4 K z Mht 




f = 2 ”r“ - z- ^4».t = e -‘7 (izt-7) - 14f• r *>*r ^ 

tU*+K tKt p£ **.!«*- 

pi Pcffe.- S4- ? j (z-<.r) “ 1 H 9 - 3 b*r 

*0 foljutt tw*t pint ^ CK*>^ . 5*l*c+>'a\j 6^. H.qcjk 

z- M. z,(r,v) f V) 

T «l~ J *>°/ 2 t>'i - I* - **, **1 = »y<MwOta .1 *'» f , 1 .^ ^> ? ( ~ o .<7 . 

(2 ,4 £3sy*^ 

Trx* , v' x . fo. 1 T-V 0 . 7 fa,.)KAt.>*<»* . 0 .<n z ^y2 x z.o- 4.? 

$* n S5i 

TUa«, Z:(J)3)(o ^ + (C.ll(O.M) s 0-7S3 

art^i _ 

p= H ' 2 - onsii i-Z(-7b*t )- IUA b«r -*- 

v 

A+ 'f'^S 3^+^ j'v^-vi O-to^j +‘ u a >'L*^-A o ^ u» ^^<>^ ^7^^* 

wf r ) i cO yj/t Id tLi^pfore^4 d'e ^i cpu ; ■+ Uj 4-^ ; 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















PtaoSueM l u 5^ 
A* 


r ’ ^ furc ui+'k-i_ ^Iflr ^^posr { & 0°/& CQj Vo 

^tvWr? **- ^rbi 1 ^ ©p*r»-fa'iAj ck + $ f<* <£*^ ^+&-^ 30a 0 Fj 2 lO q& l irf AA 

<X^ <i 1 ‘Y £ A *t* '2-1 2- ^ A T*i^%. (jj /*ftnv Vo I w**t JS-n t. "f-/t>uu r& "f <" ° ^ 

'2^ / DO C? ^ . 

p//VD, L? |£ a-j j A-uJLi. € t H aa* f<_ + ^ i/o e +Vvt_ C 0^t 

+vrb^ inlet j CO UparC ^fuc ^1* l <L* ^ t n "t^-c, 


^ 4-o n^e <Lj_U 

ScfnMATfC \ C./OZ*-' DATA 


®,vl\ 


Ti = 36o*F 


© 


(id'/.Co, 4-0% Hi,J 


, TtrUJ.'-r 


.,- JW r , . , ■«.-- 

p,ii0*0 C 1 Pi-l*^ ,v ' 

l'K+(i»^ - ~ ' f a vr') 5 *-« 


CA\r)^: *-0,600 fty»Wn 

gK>feiME£/2-)N(h mopei: TKe ceyvfrol i/okunR,- tUolu-k /h i- 1 ^ f^ce <m A_t a1**d*f s^t, 

AfrJ A l f Si S', A+ S-Ec*^ ^ vvAASi i~A-f-e bnUn^ r« cL^c* j ^ « v<. 

(^r), = CA^r)^ &A,- ^OwrA c 0 


w 

Or v *^"1 

hLAaj 4 NflXtA C-* I -fax iv - - ^ T/p t TjOJ ^ I / 


^ - (sa^.y^-(j^iX 

*«»<s fr^U, , W ;*v Z^PW^T, y^ZRT/^, 6 J Cl) 


^ = it ($0(£)^ -g^filL) 

L _ j t 


<0 


: ?*•***-* 

\w;^t Cj p c A»v tv<*~ Ti-cc*iA-^i utmj ^ <**■*■•**«« h'*'- h»« t>s - 4<,i m s * c ' 3 * 
C e:Tc S nJ<. ««■'• Tc*3li*t*H'*K 


p c = 34.J'* tv "- 


p^: 12. f- W ^ 


K°-\ f i 

Tc* Cp-OO^ + fe-4 )C4l.l)* W.3 <- 
p c -_ o-lXk-o * e*-*K*»**i - v\ 

T ^' Tr) _. -yfco//.e g 4.3 ? ) P<|-. Wiil : 4,(,i^ ^*1-05 (.fi*j4-i) 

q(*-i 

Tri: fc^-g , ?.93. ffe! - '/m = 0 03 ^ ‘ Z l^ , -° CS3 a -^ 

<i(. 3 


P l>JA ( ^ U-i-l H j ^ CX ^ 

O.'r). -Q&X'^’g.)' I7,t ^ 


Tk, i iLulJ. ^ - <kfc.^f jbsr *+•« +^<_ «>* —« * v '* t 

prc^’ck^ ^ A^>JLa * 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



















PpoQce ir^\ 11, ^ b 


I< M 


D * l— l*\ 




i" ^ 


<lo ^ 4** * w i 


g-\te«u/ i^U^ci ^rr la*i+u^ 


-M--*. vw>ur ca<^ p 4 >v*fvt/n \^7%co y 3 % i'k.* K* My *' io°c 

CXACr l"3&l0Ar rt lc,#vfc,J fvo*~v 4 J^-1 h(J4^ 

-K*-* d*i ^ lU^ *\ 4^ ^ fa A f e_ ^-> / 'L^, h *■** / "3 0 °C . 


P / & ' 


tj ^ ^ d-*^ V A u-X*c j c s 1 f> ^ -wXi_ *+ ^a, 

(e^tf -fr c tjAiVi c/e r. 


■U 


*' l **T" fu.i'F -H*^- 


ScwtAA/Vt t C ^ &U/£NJ ~MT/j : 



V* - o.l W 
T, - Jo°C^ P, =.l3£fc>*." 
26«»c^ Pl- ll^btr 


\*7%C0; 
l %C°t,\ 


EMGojS&gftog- MODSi : TKe conf*rv5l voiM-we sUx>lom ot\ +k£ acco*^>a*v^t*<j sUcfcUis 
-fhe. . 

A^AI.YSIS *. Iv,-+U *2: * pVArt; v\ = p V/-Z.R T. For +hc c^frol VoU^i* ,-f-Ue. 

cn.*'^Qu.w.‘t - of >v%ix l-e&Cs e^j ua£A£ v*- • *nAU^ 

<-•) 


— ^v- _ rj: ^ ^r|*--^l 
2 iKT L 2i 2t - J 


W . +Vs ^.«. -W fy <*w ) ^ — l 


CO: Tc= l%5fc 

pc. * I S’ b *- r 

Xo-j't iWC* 


co. 


Tc.- 3o*lc 
PfcS ~7J A b+r 


Tc - 0-^7 ( 133 'l *t o.o3 (7 o4 

P c a 0.17134-') -«■ 003(711')= 3&1 toAf 


TU 4 t 


?«V7 l ^ 
*C ^ 


*••'. T --^ri = ' 1 '' 1 ' z '* 0< '* 

P Kt -. >« -- 3-rt, Xiti-- T>, - t 't , Z-. * ° ‘' 7 


it. v 


A c 


.jA, 




ytO 


0.1 r 

• tH_ 

t?14«^ Vjolc) L 

v c*.iP-Jv 

0-98 

O- 03 l |ct*M> ( 



r iiL. »t3 1 

1 0-98 0 97 J j ' b * r * 




Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 














Problem h °i? 

; A cacti's h**] ^ ff^ O.irc^l 

octutpifi o. ofir Hrt 5 ~LS°C- 

P/**&.: p i+ih^a \< 4Kj i rure ur l i*) 4^- /tLa^U r ^u>* h^M ^ rhj-fc^ J 

&* L y' r W^ 4Kf C ^6 r \ { fcj vak iLe * Lu*+U -* f u* 

on s*.[* *1 ftJcL^v^ j^eiCWfC-. Ut,~j fKj towy^n.j,. |,f^ 1 1^,4. 

Sc^M^Ttc itu/tw iAT^! AWM-YSV&5 


o<7SW*l (+t I 1 
^.xCtwl U % l} 

Yso.ow^; 

_Ta»T«C. J* 

-■»■ _ T '^ 


(a) idtJ c*j ^*4x0^ *4 S E^H - 

p: ^vr s G*~«<i )(«?^ gj»)UiMs) 
"^* oo?r«« J 


I w- 

*4*- 


Ca^ 

r* 

:MJ.5* 

ba^ 


T *' !?t* «’• 


£b) Kqy'r rule plwj *)en v Co^\* %>l > h » l * H C Uav-T * - k'-'Hv TV b /-e 4 - ( 

&a d uSfcVj 4v^ ^orrf'et h'o^r^v* ^VfcW ^ 41 a^ -foei ^ ^ £* c ^,y_ 

TcS= 4! ZK “Tcir JZ-C-K 

P Ci^ *' pcjJ bu^ 

-* ^ t 7ct s. Ce-7J)L4(-i)+ Lo.wKu-O = tz-'V < 

Pcc l-S*, + It. <W -- t®-7rttti-otw ^ l^.a bo-r 

„ ^( y/K> t = co-ptr***/*— <X 3 0 , m 

■ft-To C*> w “*.)(.*•**) 

B^eA-3 “Jiv-o Z.S (.a . TheKVj (O - 2 = Z p^, = 1-3 (,'i^f-s) - 3/9t<u- - 

v a t-N 4*^ Cu^ls Vm . Roi^ a*v4j 

az= l-’ULbftr^Jzi'j'' f fcjc 0-038t ^ 3 /< c ‘^>/ Uti r*^ t=jX. II-4 tK- 

0 , 3.^-7 bl - 0-02-4.5". Tkii,i*.''t t . e^f-<l'4L 

C’3.*!'^'i».9 a . ,/l J 1 'C ®-1*(°-W1)^1»-.wli-Kfc/^J 11 °-*' 1 ‘ 2 - 

„ = (>> t * - Lo.irto.tfiu-) ■+ o.7r(0.0^l] = O.OZHL 

T'~»« J ej- 11 -tjiVei 

P , 1 


£6j 


0.1 

a ■ 


(«• oSS- o- o« <o) , 1 to TKJ l 


| lb| 

O.m b*r(^»:™l) ^ 

lio^Hvi 

0 ’ ogry *+ l l pi-ef ) ^ 


cc) 


C ^") AJAvV>v< |pmt>Ar» aa<J« plw.C Co^*y-<j ti. btl« ^ cl^t. Hsi'^y Tcif Pci f*v H j. frtv— 

p«.r*tk> j T Rl s ^-18/41.1= ?.Z3j 


Vri- 


7 Pci 


7.23, l 

' o. off J \ Ul oS*^^/* 1 - ) - o-(o97 [ ^3-1- Z J Z t^ l °S" 

iO.?r m* t** 4-Li K1 J 


P*L ^ ("2^-i_ , 

Ti Tc, Vo -Tr * J “' 1 / / * sw Wis V 41.1 */ 

T„.- » 8 „.C- “'[’ 

_/ o.Q«r\ frM*'° r )_ - /•' r ^3 A ^ “ 

' i, TTr ~J i^3/4)(iit) J 

U-fl 4 b j 

z~ 6.7rO-or) ■+ fo.M-Xo-n) - < ° 4 
© ="> p- 2^RJ = 2 fej ^ i-04-(-S') = 303 

I* P^Hti C4) C<^ ) Arc rouMjki^ w: p^^fs fc) A^<i cd ) o, 

f<M'l^ u^eir A cons+fjthWP c^itf +!*_• /tv* 

+M. in*A d b-4 UJ-C d J*r 


*Cdj 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
































PROBLEM 


K»OU*m; a CftfeeuS *,,*h*re o-f <j-s tbw,t! C «-A O . T H *•! »f <j Hg oeevfliti *• *'*<»«« 
oj, 7-t5 at J94 ^ *T^t ^ejfurf TJ 50 4tM* 


P/mDI 5 4*^it vJi^i #*4k *«/ S<y $prffk'§<I pnted±*.rrS 

Co^ ^ a re ^e*n*red prrjfu.re * 

ScHemAiic r G>tvetH VAT* 


and 



V * 7.fcrfr J 

T^ SS4 *£ 

p — ,5*0 «■•** 


1 ■• « «+ 
2- C* Wfc 


/ 


4 2 4 * 1 *. 


£ttGttf£&uv& Mc&ec\ fU vu(x'M^v'e ^e. 
l * £*) £4W4f>*n €>4 

K ft r _ ( /.& fetH. tK ns r ft>W/ft k» t' **¥$$+** ) j ftil " 

p " v 74i fi* I Hi*t54x/#v 

U) ptuj 2. C^art , vu-4^«W-^ fr*^ TVfcfe A-i£ a* A G^t* IM7 

■q-x ■*, T»i ■* <u 7 tl » ..r<3 ¥«+»0« $«*fc 

fc- 7, f t .^ t P<»' 0 .«[4M t 4i.O«Mf^ 

T*€* 

Tr, - <» S*< / SoJ x '• s 

V , 7 * x 

"Pr'e. ( jgurftlbf *\/<t)^y) 

v i*te.i*(t J 

R*a. fc-7. J zs.nr. TKul __ 

■z * £t . Z Pvi^:CnD(t^).- ?, ‘ “* 

p v 

(t) v»« <4*^ Co a oil g^u.W «4 Sf^e ■ w.‘+kd»V» fro^ T.Uf A-2^6 *«tf e^r. 

ll.4fc „ ,, i / V* \ x 

*. Cv ..,'., lW '‘l'= »"-(=■> 

„.. ,, *, . ,v».« =.vt— 

6«j . H-t 3< VeJ 


«) 


to 




fi. **«♦£* )(**** |j±: 


<•>-■) £L r* 6 *™ ¥ a 


1147-4 *K. - 41. “4 


<0 


Citrt 1 


C^.fcS - I» l "'t l ii.f 
fj\ AAdaKvt firefruf* <?«,!* piv* VamJtrtoaft.lf Sa vaft « t ?_. SfciteVi*^ S^. 

p* p,(T,i)+ r%f5Z? 

lo.‘t<^ d» + ». fy**— Ta.il*. A*lH£ a.ni £<?• •*■“2. 




sai 

Z}fc«? 


Tke *v 


[(!&£)-o-fcWj h-wx'wf 
6v4\Oft*») 

p= “Jo-tA 7- ZV-3^ - f'V- S" 


I O - l 1 




tij 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
































Problem 11-98 continued 

(e) Aidt'K^e. Pfrjfuif plul Z St'*cK»j 64 . 11 -^*?*. 

'j, ?, CTiV)-*- 1x~Zi( T ) V ) - o.?[_Z t t2l] 

t r , 5 kfl.* m v*/* feV~)t a . 7 4 ^ £ <3 9* 

Rl tvs > ^ 

^■sa- 


T^eh 


"2^- o-5" C °-9® 40 -77) ~ &■ •—/ P - "^* 


■Z. n RT. Z P^i t a z 


* 5*Ai» A+fcVs —■ ■■ ” ■ - (£) 


fa ) Ad&CWve Voty^fc puu / U>&±\£ VA fra*. Je (r?4faj 

v*v: ( p,t) + v^tp./r) 

Wi+u. d^+u frow. -T«.lot* A-2 YE f/i 5>V»J 


p = C.s'H'XfcW) 

«' , =5? 

». 2 3g.7^_ _ 

r v,-o-itir 

VI 1 - 

P - 

rVbJV; 


p. * Tif - 7 -3- - 

$^-*r 

&- 


iy^/f.sy 


v L x 

eit. u.) . 

C 3 ) 




■23*- ~ 12 

wr- t-f t, 

ZTSU 

«S-*f 


v, - t.mtr v, 1 - 

V a -fi«7lL 

w*- 



<0 

a) 


T« h-u<jue.'^ e<j. to • V ( - "V"- » "7> o J"—"V\ 

13*.7.3 


nur . hltJl - 51L1T 

-7^07f-Vv * (KJ--Vi> v \l-6.72i 


Ut 


V,.-*|.Tfe^3 . £<?•(?) ♦*** 5' v « 


<0 


t 1 

it 

i'j 5ui^M**Kirjpcd a r 

iam’+<» +fce 

tu e 4 /k r ^ </ 

to 

1 i t k 1 &A| 

42. V 4ft% 

+ *14.8 *4 

(t>) 


S*J. 

+ I'O *4 

CO 

V*i* ¥ (** *dlx 6. ^ II A '*h'0 *4 

'U.'l A+- 

— 

(0 

^4cfdffr»c prfrrufe/r ^4* Cf 

S </. S * 

+ 10 % 

(«) 

Add-’**** H C ki r “t 

SV-fc *+*- 

-fr 9 6% 

«; 

/Wdih'tfC V'lj/i/mf /Vfl* <J« r U>## If 


- 22. V 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
























■pp-ogLe^ ii-^ 

«*, ?o-r f*H H ^ occ-p.e/ 2a°r. 

** f^*-r «'e Ujm. <*) ^iw 3 ^* * , ^ -t fe y 

Os) ^r*-H- 9 *^ c<jK> rJ c l) ^;|^ t^i v UJ ^cLiVre rt^xru rp roJU 

ckfrf J C<4 ) VArt d*r -e ^ UA ff rv-i :, 

£MtW Af£3^/A/6r McD^-tU 7ti e *fri * A\ r*£ / £ -Me 
cjtfxCsl s^sfov^AS skeuju* 

A^al ysus : (<x} x^c*^ 

p*nil--Cufcwi )Qsirj£g^ 7 z°/z) 



_ _ jAiwW 1 

(. I-V6-J+ 3) | ( m)lt(!+7)nr /a+~ J 


= 27S.S«-Hw 


<*0 


fij /t-Z 

Z^.il 


Cto) u >-'-H^^e*t- c^h^iv^CI ilot ckj*W ■ ti.«-tw*t **•(-«< fr*i— X^tJj A'lEy £^S ■ 

T c * ‘j.Tc, -v'K T C1 . = (p.Mf’KptPH) + CO SOOCSIO*^ - S5U-4°R. 

TV%PHj Tj^ s (ja*/ sat-H) - i 1 ' 11 ' 

Vn' - 7 pc. _. (V-79f'l , / , *'«<'1 )C tt-O?ICI*#.? Vl+4 <^f‘-J __ ^ 

lTc igfc'K^-w ' 

psZ hET .7.pj. Oti [X?5-’T Ahw ) - 

T 

CO ftsfa&Wve \x* m Aj3. m/V-PK gf t b t /* 

Ti,= {.72/34 0 - l-t3 -1 Rj.A-1 A w . tkv ei . ,,.<jc, 

v '. / ■■78\ (?I i UK.7W) _ . O.T T ’ Z < y ° ,tg I 2 = Co.fc9y)(9-fc*W- 

Intr] (is'KKs+s) 


Cb) 


m= fc^t/tio = ( **■ 

Vi , --/ I-7? > (*.g»W.7<J*0 . 
U-?or / tisN OCT'tn 

<W Kn^. 

a,= *l2.C* lto»t«0 J 

C^X ’‘W It S& ) b^, - ^ ^ 2r 


Z, 

7-.J* «*»•* 




(&,3©rXo-SO - o-Ti- 
p - z i>sr.s*M 

- “** U) 


A-*-** S , ftV- x_ 

0.494. ft 1 //*>*■*-«• ■ rk * n ' **«** e ? s "' ,# £* C, - H *j 


tu # 4t*. 


VC 


o 


a . ro.wocu)*** c.^x."**)'' 1 ] - ■..‘t 

k .. o^mo-^i 4 co.^X.i>in-- «•«» (•t- 3 " 1 ’^ 

e v 

p 


II.X 

. ( t rsj-<4K>f n »*•>« «A)^7t°A ) 
C - «.'*S9)(W , //I»*»«> 

n X at ^ 


l JkVvv^ 


(/WK^-f) IbW 1 


q 3 ?^ 4h»>(‘ft 3 //**«- J ) 
( I *70 


W ) 


l" AHW*^K +W. ^K>uuuht *~f Ck>) *•>.<» t d ) *- < - 4 ^ M Z Z ^ Z T, f^j ^tZ u^Lft 

0 u,f^«d ^,+vv+K^ fjww- *-*-<- t^rf-e^cd . A e.«s^yOA>^ 

CU*at cUrc+» 1*4 b^j *-f>pfrc*KMA a-h C^A^-d i/<vXw^ 

j^jb u;*^aa tw Uv* d r?w- f -e . 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






























Pi>C6CB^ /1 *00 

OUJ 


F / D 


too of a ' n U» ittv Hm. Ur S > h‘^ % ^ X/ 2U % O^ 

fiiit 0.34-** v, ^<-l «-*" *■ p^-*rs-U.i^j*/-*, 

^ ioj fa<Lf , i&o*r, r«rpec^^j, 

Od -t^t v ^-4 ei U*| hfl.’fv^ ft-wfii J t pj-rtLi'C f# d ti^ 

^ ) ¥*-* * ft*—* ^ tLm ^ ; b^V A>*JLt ^ Cc^ c* *i <b h t*t j^<t_ (Ty^A* 

(i/i-f^s -fk^ pC^dlXi'C ^V “■ \£- *** <**vj -J (j *■/CiMy C'i J A«i(d/f\W <✓"©/ u^*-t Ajjwt_^ 

i 1 ^ ft-* iU tiL~ (Cuj 5 ■ 


^CH^Ju^Tic c Ovr*^ 


i^ flTr ' 

tot b*r 
lffo K 


g/Ufrf tjaS&tfiJG- M0t>£L \ T^€Ci^S€4 *gS#tl*1 *<S 4*1€ /Goig d£ ^ir*, «* $Aew*t. 

0 AtJALYU i : i&j X ^ ^ = wv ^ \r } ^ M - M * ■+ H % Mi ev~ 

IM z (o>79 X z % °'} + \\(j$L) :ZS. 8T. 3^-w* 


t u-v 
<D f W* 


/ 4 4 I & * ^ ■43^ k* jC ^ 


Q. 1£>H43 

(to ) l>* '^ i#, ^ 'Jr^— Ts-G-t* A- ' 

N, '. T t 5 IH.K <=*. T <-~ IS4(C - T c •+ to ^)0^) ~ ^1-1 <- 

(t, 1M w fb>s».rur ^ J7 - 3 ‘» b * r 


T R ~ i-?u 


Vjt 

? tc 


: [1L 


1 

r oil** 1 

r stm jc'oW*’ 1 ' 

- o ? ss ) 

[>./**.»*> *~>j 


1 


pi ^ s^Uf A - ’ 2 “ 

Z^ o ? 


VJ.’^s Z- =t> V 

^ f *!_£?) -a. 0 *Y ( 4 44- I he-r ) - I ®° L &r Hm v^uji4 wui J 

r v v ' Vftlbie 


; i>*j 

v^u<- 


M. 


f*j S-— —^ ■■ P- p . + p V - 1 — t> 

. f ^ oJ u p,w^-^ •* ,Soe: ^ 1 0 ^- 

^ OCCuy.rti ACm. fv*4 M- !0£?tC. 

Iv.-^vs. A-S Hi - L 00 t: 3_ - 3.464|c«-, f . 

M Zfr. 

o-7«) (. ? 'ifcfc ) a Z-7?» e*-^ i 0,7t!rciw( 

_ __ t-—T-tJU A-W f"'*'- t^^'O.-Irwje«j 

K>rVo^€A : V: 0-3fc»* 3 /a-73Kc»-*< - 0 ( 3 1 *" 3 /£>w-< 

p, C*i>i SKyc^o |Jh: I . ^—T7:.«’'t 

' (,,'i...« >n )>^ l , '' >l| -‘l <..,i,x<u 1 ,,.-.*„x>») 

= r43, ‘sgbe^ - S't-ot b*-r 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Problem 11-100 continued 

v - olt>/o 7l& = 0.491 


Ox ^ ; 

(o 4 ^r-o.«.i<n) 


lo>' 


tTli 


y*. 


Cp-wi'Yc-wr +o ui*? -1 ) 0 8°) 

- 31-k 4-S.oir it Ubar 

TW, p» p ( ^p z r n-ry+K-H- /t4'Zb*r <‘3% ^5^^^ 

Cd ) AiAcL*^ v-t VG lA*o ■ V = ~V\ f w- L^-r VJ oct 

b ^ fO ^ *+^-< 

li N-. volw-Mf acc^fiir d 6^ ( f 1 / i-oe^i. ^ fe 

jt/'-fc't^J >aj> . TWvj ( -STrs vi| iTj (. "fj p } M a.'^a. t j or- 


Vi 


— s ^ t v, CT>p) -t Vt v t i T / *9 

K 

All®, UJ •(L*cLU t_K_ - e, uu o -*-<^ on h‘ 0v\ ) u* 1 *^ 

RT O-, R T_ _ 0-1-_. 


P^ r 


■Vj — b , 


CO 

^tivi S Civ**. T ‘p 

cz) 


v l (Y l +b l )'TT V r -bi- V-a/(v x J.I«J>rf 
£ y. Cl), u; o—< siw.tkw,^ e<,«ftHw« -f* v ' } Cr t . TnJ^-fny vtl u*o 

0 )' 


>. lo^ - 0.1 1V,+ O.T-. V t 


(yji-'OO&O 


/r.^2 


(-tr, - O t>S,<®77 X<o9 Y,tv l+ o oi*,77X'ScJ ,/i (v l -o.o*rt'0(«?) ’ ■vxCv l +t>.oti , n)(.l8 0 ) 




f2)' 


17,21 


'/■» 


W 


** e| t j Vj s <? U j n/^* 0 ^ ^ > cf^a) p * ioi.*4^ 

^> 1 . / l y- ul P 2 (Ol^^btsr , Tu -1 / p- ioZ<7h*r 

U>' 1*7% 


!< M mil, 


wii 


Vv 


X _*, i “t* w ~L 


M-rv 


M .viv. = ^ MiT()iMi 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















P£OffL£M /Mo/ 

K frjpuu Mj A jOJe&vr ^1^^ I*** ^Ur Qrt*(^j:i‘j |'J C_Bv\4mrkf^ 

a, *c to *4*^ Jio°& 

I. A: y j * ,£"0 
a. APj *- y * it.ffci 

^UQ', U ^ J/1 5 esCk of ^rttfr<l pr 0 c r<£urrf . 

A1 r C T PA TA ■ 


jr----^"l 

j Ap 

!» ! 


U - ■ 


T- 3 2-**fc 

p - 2-& A+** 


1r^ ; ^ S 


Tfce, is fW closed sk$ijj>\, 

AwALTnj 1 t&) ft-U *U I 


(Vm)t ^ f k*4t s o-34+$* l //b 

Z tieJOS-HtX'*' 1 ? 'Wfl 


+ht V^iy^krc J'Vcalrctf {* r /‘x fu^d 

M«>y* *n^l’ * »H_7 »»- - M, *i|rM,_»4 g » M „ w u 

nmf * W (Hllt »*•<* 

- <» S(39^V+ !»>")- 33-?7i" 

C.b) /^a.v'i ft*ik p^j 'Zchtrt i W.’-tt. ili^i. fro,-. ~7*.fylt A*/G and f?ff. H-9? 

T c -- y < Tt, + yj t Tit 5 O. r[o71 + £27 ] _- '?L't<?. f % 

fM y, Pei ♦ yv *•. - e.Tt47.^71- JJ.l'Ji 

TH-tKI 

Tc- i.im -) 

-VO 


fe 


c I ,« 1 

- 2^ - e>-m J 

Jh -|J 

fl.llt »-•>)* 0 4 IT-K^ 


4o7'+ 

vr = 2 *_!B: T = ^ 

v " r 

Coin- v a ' =x-4 

ve V^'PIc. a. y f , o. g. |{. -^> 

D s r - _JtVu \ Jin 


/"*■ C4*-7Vl(' y ^Jf/VV 1 


tt; 


. i?e<ili*clrt - Kujfl^t| fl p ua/Vci-T , U!i'*'] /rs^ Tabfg j/'WE -for 

a^--5ito »t«(±£ J-J«K> ’ 4 j bs.- o-4i.SC, p 1 ^—' 

]n& r &ia \irl t €^C. 11. B 'tojf lu r K *A 4 a. 4^ f'ftin T*>Ut ^- ff 

a, s 0 -4 1748 [»•«» U3# ]C»7 »«J* = ff7W.r “ + - 

47.^7 

b, s 0,0^1.44 C 0 73 Xi7l ) - o.JiTft ^/n^l 

■47.4? 

UI«hJ f*fS. |f-1t 

a- £).*/'*- 4 , »-ir[l iW ft * (s-rti/.r) 1 ' , 3^ «*’-(&ft**) *■ 

tv ■<, n = 0 - s,,t HVWfc ’' 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




Problem 11-101 continued 


"EVe * j V ^ fL-il Utk - C tuoiAj C * h * A 6 f ** im *i 


tf T 




v-b v(v+b)T r/l 

„ w - (o.t 3 Aiiifl 1 y*»*'*) ^S3i3 _. 

^ >»-'•»* /v - ---— 7 ^->1 

Cv - 0 . 3 ^ 31 . )^V 1^*1 vc? + ®.m»^idi JtTLo**) 


or 


O-o Z. 31 

9-o il*C* 


3 d^jV7 


7t7**nn) 

v^k &y\ c^thon sdMe^ F- /o.?^ 4 r t 3 /(bMi. R «.^A 


•\T = 


-?-2- _ o.'JtCo ^ 3 //i> 


10 


IT I^S- 


<0 


(d ) /Vdtj-s'-hyui /Q(vK-« Ull'-fts ^€>7. £. /) •Aj . (*/ <'-H>» fv t 

~T*VL, *-»£ 


Aefeo»J: "T(ti a 122. s 1. 13 
Pr 


A* *■ •• "Prl - 31° 


I <- 1 


l« diX. sMB -) _ . . , 

C Z = «.‘U. ^ 0 .^ 

<- -^£- ; O-S-i J 1 Pp7- 3£_ 0 (*■ / 

-4?.^ 7T-T “ ^ 


^ej, H.ioot> y ^rtp-rOM 2 -) + fO- , rX’0- £ lY) - 6 .^ 3 , Si^<u Z- pV/k£7 


© 


ir- ? Rn r - 2- Wd * 0.^3 (.0 3 44 )-_ <5.31 -R 3 /a 

_r_^_ 

1, tb^ -Cd) ^ive cs^KwvAf^r -jV * (i tr^ c_ </o ri, o —fcj-o 

031 ^,0 . ° U 


«) 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












Problem //. <°2_ 

g.MQt iJK l A fw c '"wit ('■< pco v ' J r t/ Cdi^fvci Uian ' S L^-l' *->jj - Of 

^ £4* f t* 

P t fw D 1 f“ p^fJ^UrC y ^ /-W- »>— /-x^* < * 1 f 2 <J ^ t 

^ t-uw Ri 1 4 J\Q% kg cvt y i o. 00 ^~ v ^ : /s ~T- i&C c C 

J\ ^ A1—T i / 5 ■* F& **. *“ <f *. i *\j *- u f> *vi /| £ 


P , 4 T 

r V 


J 1-^^ 

L Or 




ftTiV**) J 


i 


■fir 

Trte ki-^ w- lov^oAbiJT ^'** j 4-t* -’ir^ Ct Jki |0-u ffUv t ’t -*d**-^ 

4*a wfMd **A*b.t •*> r*- s*.<r 5fJU: P d * * r /7, ,5 ^‘'S ^A^(^b-y -Ki f 

p f * 1 f ^ f «£— 

T^. i^oUr >o^(f^ M* u - iXo.qjL, H,3 - fc4.S“. •- 

I ^ 1 tsv ( W^s 0^4* j “ 0 t <<J ^ t\-\^ SO 


'IJw 1 


0.4 

k 20 41 


’ "''i 1 -^rr * 

<o4. r “ 


(—'i 

\iW1W 


0 . SfesT 


(•£ \ + m\ 

\3e,-ii } Viof SJ 
^ .1 - • - t'l ' 0 ■ L 1 * r 


A c t tf y 4* *. t J^r K.^e 

0 M - *■ l-jK< r "0.5"^ 

Tk<» 7 -. M < ! /in©. 7 ti- "Vo.oorja?^ = O.SS'lb” 


Bid 


v*( 


r 3i 




1 yg**t t 


\ ( 4.-J* A 

l It f^ 

V J 

ro J 1 


6S n tcPc. 


i v r ^ a 4 a*-* 


a. vrzr 

J . . , . , _ S Fil r VAfwc'l «-/ k 

f C. ^ ^ iO-TA A T J * 


ii j. t kv <1 (py' /-A <_L_ T<^ ^ J ^^ 


o a - a ft 6n.Bt«,T+ 3S-S4. 


.12. « 4l p(-a.wW^)-».4W«®(**J) ) 

.11 e*„ (_ l.iSfV^- 0./3gf<j) - «7+-^ 7 6 ^ 7 ^ 


>?0 T l + ( 


- 3^.11 

= K 74,174 ^ ' ^1 

X 

o. KV7fc - <.f<£2- r /i^-)- s .«»il ( *g*) 

<0 '>'«*/ V -''’ , / 3 

0 ., S nt - 0.0&344 - o-w^4- =<J-cS^8 


A-xl RV2 

/ , AJ)?J «/.+«) - l.$l*lo(.*f?) j 

3.1.15.(3 ev,»f-/ “O-Sl? J - 3S7 a z * 7 - 7f5 ^ZT)t- 

. , "v tO. "rfS f (,4-i')) 2 ' 

b ( , = - 1 .s'K-fiC+n) - —— L 

< 0 ffl 3 

- o <x*\4f l- o-OSin - o ^ii'T =■ 0 0X1+ 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 
















Problem 11-102 continued 

j U£ 4 a ij i H*-^C ^ Lk l e ^ A* * u ej f* r a t t 4 

Cfi* ( C U l ft f C d fif 6 U/ Jk' J 

fc= ^.i b u + 'Sri t> (j =(,0, Jfo£i‘)(^oSHS'y+ (0.(c'S<.C)(fi 022+) 

= O OSfcl4 

c-w>j 


a.: 


3^ IX 


</£ 

ij»j ( |- £)C ^'L^o ) ■* 


3/i 


a«i 


Ak c. 


- [c »*Y( - m wt) + X(. ?tsr)(.434ff)(r-. 03 ri- i74i7(,)(-ssn<it)] 1 + 

(p.fcs+ry?.*ff7if4j["]//e & 

- [ 0.H671S + o-xro/rj 0 .i43f4r^'o fc = £<c> y i<(<ji 7-- J 

(c">*l ) u 

: b_ _ 0-G36I+ _ c.O)4>3i" 

^ 7 4 (o.ssxr) 


Ae, * ,4 ‘^ 




/+• £ 4-/3 - (S ^ <C 

^ _ 0. Util - 

St0.7W 

J. M* 

&***< >** 

| C' + iO 1 rt c.7h>) j 

(u<+ T N 

CntlK 

y f 4s'ie^(o.?S8fc4 it? ) 


= 0.7371 




Co t \ *c ^ 


n a 


res u (ti 


f -teen i<-fk)(om7 o t) 


® = 503o kPc, -4—-f 

I- See fee , I z-1 j 6<j. IZ . *)' 

2_, TK< <«.tc«.ufW Y 0 .lu< •'( w,fU,rt ? % itvL </r»u<e 

fr«swv for- ttvi < w *y h "’t;, ^*AO0n.fa_. S^e " 7Tieri<A*J.;iAatu4't 

f$r R* fr* j t> ^ ^ A l|^er ef“ A jLH f?AC 

CP^^t 2-) / 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 













PROBLEM IJ. 103 

KMOLoy: A rigid ve-sjcl . ^-H* 11^ eon-Ur^ CO^ ajt 32°C. a.«tf p-A* j ' “ *" <> p. 

C.% Kl + *-* uviKl ^ x--w-! kxF*^ ^ 

i % £,u\*.4t^ pi* <A -3-^ ^ C j | 10 b ^ . 

- F / ^ 0 '■ D e W twA H" ^ £ S ^r * P ■ 

^CK^Arfr <£S l/tw j>^; 


co u 


—r~ 



4 vCj 

P 


i \0'atr 


W- 0 * 2 

^CtWj, - 0-^ 


€AJ<SNU£E/Z)ftJ(r MOPEL ; 

(> V f’u.1 ^ e Cl-* r'lF"^- “f^-4. 

gen* j ^ j / c c Ul*h^ h 

F^ffvce;\ 


iA»V # ^y £lW» i {’j 

A p e ev n /pi/nJ ^ u; firtr*^ +^ k -^- - *5 C n . 

! i f\ c U+y^ p " Pp. Pc ; u^Uju^ p c - ^9 fc*-''" frv^ ^ ”/ * 

?k^ Tr-"^/x c - 30 S /^4-!-0 


IA. =. ?(?’»' |f “l‘- 1 > . MM 7 

PTc O^'H »*1 /|=—-a-l -Jcj 03 < C J 


M 


d ^.-V^r vt-^* ^ i ’ 

Fb<* f*'«a-A KAv>i twfc j !■—- - "^ r *' J * ?—1^^. -c ~Z>h,w C feS Kl X ft ^1*? 7 

nMr * Pr-'y ^ \\ 0 i.\ 0 r j 

at'w^vA.f *] CP 2 . SpiA^LL^ u*“ -+!*-* t^o *M^ 

^■^■•D-^ “ O -1 ^ ■ " "V" A 


■ V*tf 


v 

V^CO-, 


_3£_ . 5 f3L \ 

o.z»1mn' '" > W J 


-+v- JL*^f Uwi ^ pj-tSi'fVij v = S'(Cf-^ Zi «w ■ 
T*> _pm J "2 l vu^ j lC (ty ' f Ajj-Lj W i -fv^ /A - t 4-«,J t*- ■' 
-TezinTc.)^* CvjTc) etHH = (?.^(^l4 Co SsU^ = 
Pc-^ftJW-t 

VLMM^ fuff 


(*) 


Ct^ 




*11 


^^1’V 


fe- '■ 1 > te) -- - ^ - 'AT- =¥ 2-^v- J-4 


Ac«rj^ V - , i ( O. tl^)( O-v ) - O-4^£? ^^^Oi-J! i /V-'i Bf-CO 

vre' ' t-^ 

O^iAwTft'-i^ R^,A-t y' < ^ Pe"^- 5 ?. p - w) “ 4 2-/ 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





problem Jifo4 

1 C N ■ T ua> uaJ — Va \sj 4 4 s*\Vrs Cu' C *"r>^ ^ f*" d jb i 


V^ l L^e , 


T^V.^iU^ OK C -Wt «o^,v,t Cu x <&- Shb t> R ) f^jjure p. T^ +*~t c+«..n* 

"^2,14^. S&U **£ j f4"£^ 76^ /iVi*', 7™*^ ^ rt_i^ -r t i C'<-ts * d n-c^ y / 

^ <r\ Zov/q ro 4 j ^^4 t-, olc^* tsrtJ *-t i%o u IZ 

(K*srur«» |p^ 


P/VO 


'D-e ^kr^M » 


__ -t^^u srurf ^ 

SC H^mATlC <S< 5 H/tW d^T*.- 


cma d 


t O * iK>bl*Uy flfsj | 

l ly 

c? a 
r t vy? 

c v*+y. 1 

3 sz..fp“* 1 **>*!£, I 

- i j 

i i 


I v\a \\ fc \ Is 


■£v*_*Uy 


- r^t 

2,0 %> rc?^ 

%> Ct i4%j ^ 
<tUr jkj £i\w <; p 
^►v4 v'Olvyv^^ V* 


AM AL,Y5t$ i Lstk** be-^i^ C VolI ^ +vv^3 4*^ £p*fc*fiTC* VO [>-»’Vvn^ o-f 4^-3- 

e^w^ji^hC 4^-* irti Km. fco^^Lc-b' »*y . UJ, cl<*.4^ 0 ^ T*. to l * A - l£ 

fV C!^, T^Csfeo'-R/s-ioofO = l.lj P A - (ih?qM?) , i.vi. R-j a-l 

<^\i/e«; X-O.^- LSftVj+Wt SO<C 

■^ 4 * 2- RT - O, <tl j*3 

p* 4_4 ?o % j ^ * Ib*« r 

S,~«-A. +U a-n^t- *1 C-».W<t /l^J-fnV ow. fiiAO_U^ ^ -PLjl 5^/ *"''“ 

woL. & .£ * j wi-L ^„--tu -+»+^ ft—-* 1 h ~* fMr «- ^ 

F-~* CA,i, SV-. /te sr4 c v ciH 14 

v - V*A _ .£&_ -_Ll}r)^ 3t ^ '■<- 7 c l i*<t - (t- (4*^ )*AST V . 

^ i ^ yrh^ • 

U £44 ^ U.H h \ n ^ \p o-ft^ 1 £ a-^Ax. 

Pe.-bMe. lp -.bit)i k iAi» t#.tK7«) + ^ , * ) 

-T^M-h- f,«^s TV- Or^/r/e i-o5 

y/, 7& C j-si •(<Vi>^i^sr'K.^-i^^<j a.m 

^ STc Owr lit—*1- V) C S‘ , &*'P-'\ ^ 

R^,; n ^ 3 «r„ RvA-ty ^ tl*+ ft * 4+w - P=PRP' i,v 

or ' U3XI*>^/.W X . ■* 

Co-vrr-W.-J v^ft Co t ^ ;^K^A c*n^rh-<^, <J t XJ^-pC. " “* 

,„ t =^ . -^K?) f* 1 ^ 

Acc*^, -tv^ co^ { TE^CSi. 0 /^^ i l-ol *-- J 

) = v. i L 


V^. 


F»7* ^"0 


(rc*rKr«^^^ j p» p t ft*- h^(^K ^1) ’ ?/« ffc P /l ‘» t p 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




























?K.oSLeH »*■ loS” 


out m ; A ^»iu+i‘o>n ®-+ 2S°C cj>nsrsfj ^ S*j K-j O-f Ct_Hi-oH 41 eg 

“f tr^. p ^rK‘4—^. t»—( "vt>( u ci - >. ^ o!T7 3 cl>\ ^ 6'0'7Z, **<*( t <*■**—0, 

I** Ip *c t> 

P < k> b -e 4 *»"^m'*« t-*_t "Vr# 1 v 'A.k , * V '^ ^ * 1 4'^-®. p<u”i <- J <uc'» v~» j 

<X^4 tb) -fr 1 -*-*. *^'<Hr vp«c^t. /glviMll *4 CoU^o H(n H / 

a xt4-<^Uv<i<x> -t.r 0 C . ’ 

£aJc»(M fe-t-<?/A><> >no€>€c : fUe sotu^<»-u « •fte cfc>se«f s^s+t**_. 

A^A^TSti: C*) O.-V- £ 


V- 


y M -/04 

‘I Vj ■* r * v A 


-. /£4*5 


._ . 'Y o \ + /j3JJ5i y 

©.cr/S^-i- ~ o (i^VM 3 *< 


0- o 1 7 


3 \ 

2in- ] 


<,*s> J ~tvi d ^- < A-x i v*j far -vj* fv- xr^c, y - f- qqxi ^ ^ v*l^ 

10 3 ^ 

*4 c^HfOH xr D c U t -^7J g 

13 /** FJ 


^ J? * 


C. k 


V 


W,, \r, -t- 

• ^x.^^)* '^V 

, .. 07^ + .-04» ( ^rf "/;‘“7 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 












p&obuzty a.io(t 


Know hi • p ro -fa** <>■ i*lvh'sv\ o-f C-f Mi^. * 

P m 0 '■ (a) +k# fprt« ft k t V*rvt**<M o £ Cj. H4 And K/L ; <* J p*rh'*t 

^Ol*L Vdlv^^i o-f* C^hl^ CpHtt. ^r" an ViWfdr fbf^fr*vi # 


£qWfj£E^v*J&- Mfl£>£L : T^e solu/h'tmii the cfos^U 

A KJ At-TSf $ !' cl pr©V('cfe^y *f ke f|tUu»i'*M plot fAn deye^p^d* 

TK* v^c-H^od oi : A *e** C « pfl f Jet * H- $* I) aH«uJi +*ve p Arh'*/ vfl/uw« foAf (is^iad . 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 













P/sosc&m /(.1 07 


kMOUJ N ; Dat ^ <ar* pnav^rd *a*'*A,<* o/ CO t a «tf C^. 

■ ££S£jLJ etfc—te ^^ ,/ w t c**, &; +Kt wf.1 

*f CO i_ CM^ -f&ir f 1 ^ oiV^Ia r M*>c /v^f. 

£-/Q6/Aj^£^^/Vg- MCJ>eL ? 7>1 fc. i^Vt /£ ^tie C'lcittd Sysf^vK . 

— ALT ~ U ' I, ' , '"5 d<iL+ ~ p-<*V.<U*, +k e p/0t ^ be. 'J'V'top+J. Tnt 

^e^cvd of i«^,trpn ( Sec. I MM) «[(«,.i -»He par*W i«*U( *>/„!*,„ A> £e 



Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 













■PHOBLEM U.iog 1 

^ OOP ^ ■ U;<^ 4 er £ks ^ 3 *.fvrtftd ^» sr (a)'ZB O / O ) Uk1 ^ <r - 

F ,fJ 0 '. p - v - T ci *. -U^ ^ ;k#,^ -+<x b I e.r d *e ^ ^ ^v ^ c*^ 

tx. + € t ^c^ S'fw.’fe volIh* yf-e/ded 

d fvg-ici'f-| CAjLr"t 

A^, ftL ,t1 IS ~ c* } ^->,Wf*4<<i VAp ar A_jt Z.8o°C> 

Fro* Tafrfr *-< 1c- *+*3 * , F e * ZZO.Hb** . 'TMr^ 7fc - titt/t*?.! - 0 8SH 
(f* r i4,ll/?ifl,1 h 0 - 27 ^ “T^r*, fvj.A-fc 3***1 f/^&m . “Tkui 

f s-O-Sart^nA* S3.*? 6*** ---- - cw t 

£Vo*v\ ■* ht diShiih'o^ of J«r # M.4-4 

M- i'(V^' 

gViLpU^£j-A £ot*Av*fM T 

Uii«j p-»-T frow. +H» *♦<«« KHi; +•*« -fetfc**,',,. plot caw *«. if«s-n 

ft-i T* 2 -»o*C J 


<$ 



^•> JU f 


-^oS-H X/o“' 


. O, 8 L 3- 

P 


ffl»I b ** 


tMt 


Cto\ SixK^r^fed *ot s<n>°F 

Fvo^ 'T#.* 1 * A-/E T’c 5 UfcJ**, Pe - . The*., T^.-4 *&///£)*« 

0. B2- (p^- kgo/MW r 6 T ai2_J. fijA-t ^iV^i T~Uul 

>l6 j. 5 0.«n a»*W 'W/'" v - 


CKo.t 


Fr».~-*<■*. 44 *«vK<'*m »i r * e 

/. % -f/Cv^ 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















Problem 11-108 continued 


<3i-*pUU t 

p~V'~T V— 

d^u,* *t 




4^r fftfU ui!>j 





Tw x» i -. -o.i7 £*».r*4-- i » f- S7 *'j£ 

P r 


TUj aa[ Kt hf ^ w 4 j 

tL w iM4*- 4 « 3 Ve. 


a 


w j u. 


f^ili^uiVa XT ^cd* pro srCd^a # I h ^ U.£"lH^ 

SK*^ T*4JU^4*.+*. p*r4C*), r.^Jar ^ f*~p* rK*0. 


fTCode 

T = 280 // # C 
psat = 64,12 H bar 

R = 0,314/18.02 It kJ/Kg K 

Z = (p * v * 100) / (R * (T + 273,15)) 

v = v PT("Waler/Steam" K p P T) 

int -"‘■(Z-1)/p 

lnf_p = lntegral(!nt fc p) 

f_p = exp(lnf_p + 0 0135) 

f = LP"P 


f* The constant 0.0135 is added to account for the 
area from 0 to 5 bar. The computer cannot evaluate 
Int for that range because the pressure is loo low. The 
value was determined by extrapolating the data from the 
BROWSE table to tow pressure. */ 


IT Results 
Inf/p = -0.1898 

1/p ^ 0 816 
f = 52.31 bar 
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Problem 12-27 continued 
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PRoSlem n. z-H 

|< lOQW^ , A tOHKisii mZ+kfeH^ & j f\fa 1* i ^ y A <*_+- p 

+ T aW v\^ ^ <** S re^rfcH cj <VJ A b l*X o-DT 

^K-t fetv.p«rfl.fu, f t “T *s^ €L «v 1/ D H/c i ib r^-*u 
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£^0la.l4 «*%+vt>^^ L-f <Lv C4 t -f +^j f *■$* 5 ' rde«ify <»,. o j* 

SCHrrrvin tic 4 C-'t/ tM T>^ 7 ^: 




§M^TN>6e^iW6y iv\ opei : 

l* The system consists of gases A and B together 

2, Each gas behaves as an ideal gas. The final mixture also acts as an ideal gas with each mixture component 
occupying the total volume and exhibiting the mixture temperature. 

3 + No heat or work interactions with the surroundings occur 


Analysts: An entropy balance for the dosed system reduces to 


$2 - Si 



where the entropy transfer term drops out in the adiabatic process. S\ and 5j denote the initial and final entropies of 
the system, respectively. 

The initial entropy of the system is the sum of the entropies of the gases when separate. That is 

St = n A s A (T* P) + flafoCT, p) 

Since each gas initially exists separately at T and p> each of the specific entropies appearing in this expression is 
evaluated at 7, p. 

The entropy of the system at the final slate equals the sum of the entropies of the gases A and B evaluated at she 
conditions at which they exist in the mixture. That is 

St = n A s A {T t y A p) + n B in(U yap) 

In this expression, the specific entropy of each gas is evaluated at its partial pressure in the mixture and at the 
mixture temperature, 

Combining the last three equations and solving for the entropy production 

tr - yxP) “ *a(T* p}\ ~ y fl /j) - j B (T b p)\ 

The specific entropy changes can be evaluated using Eq. 6.25b. Since there is no change in temperature 


UT. y A p) - UT t p) = In “ = -R in y A 
>Bp) - s b {T f p) ~ -A in = -A In )’a 


®© 


Introducing the foregoing into the entropy production expression gives 

o » -R(n A In y A + n H In y 3 ) 




£*) 


Si^( 4 YS u -Ha 4^^- ^j u>od p-orr K~^ ^ eic a^cjsu 

u_ji 4K uj-,. fft) 
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Problem 12-29 continued 

T-f + ^ ^ Aser U/ e r C f ^ 9*+h' / U^-i f j^' -h ^ ^ 3 *25 s y ^ 

(^l(/ t*^€ ^ i q^-fl--^ 

S| - V V S f /») ■+ M,p £ T > p) 

kj H -r^*„ O-tA^p vi a vj ^ ^a^a^.^Jt' i * ** *j ^ 'H’"— 4 - 

Ca, t ~r f* -<-^^ F V' Oyi ^ ^ J ^ r -f-e **w t*/ 

s t sc-t./j; 

C #-«ji4'i^ ; *3" - o -f**- -ruu r c_«_r■r. fj 0 e*^+n>f>y (Wcj-i . 


«) 


The irreversibility in this case is due to the//ee expansion each individual gas would undergo from its initial 
volume. V A or V B and initial pressure p to the total volume V and its partial pressure in the mixture, p A or Pa 
l he mixture would be tormed spontaneously; however, once formed, energy would be required from the 
surroundings to separate the gases and return them to their respective initial conditions. 

2 * fnr r .i e p!,? n ° f miX !T 8 several t com P°" en,s * each initially at the same temperature and pressure, the expression 
lot the entropy production takes the form 


a = 



where it, and y, arc the number of moles and the mole fraction, 
in the solution is a special case of this equation. 


respectively, of component i. The result obtained 
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Problem 12-31 continued 
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Problem 12-44 continued 
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Problem 12-58 continued 
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PR.OSLEK 13. Ul 


k.mo^isi ' S ^ . S W-+< op*r*-h'^) da + fc a («. pra^,<lt4 -fw" <*. L© jj (Jy- 

(TmvjQ ; (*) (V V|,. : o. gj ^K w-MAe t ^ +-C la^) Ujorfc, 

M dxsbf^th^ f^r vt^> * e trt <±^m f-/ou/i^A * Cb) p/ot Hj- 

<zf*arfk'h^ p f C^) ^e^ru.j A c fcw^ £rt?m 0,7 i^>Lo. 

IchemAi iC ^ C i i^E jM Data: 
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Problem 12-62 continued 
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/m (Btu/lbda) T, (°R) 


Problem 12-62 continued 


!TC ode 

T1 =520 
phil = 0.75 
pi -Ml 

p2 = 100 

w = w_Tphi(Tl h phi1,p1} 

mdota = 1 ft Assume a unit mass flow rate. 

Wdot / mdota - (hal - ha2} + w * (hyl ■ hv2) 
Wdots f mdota = (hal - ha2s} + w * (hvl - hv2s) 
Wdot / mdota = (Wdots / mdota) / eta_e 
eta_c = 0.8 

hal = h T( ll Air\ Tl) 
ha2 = h'Tf'Air, 12) 
hvl = h TfHW, Tl) 
hv2 = h M T( pl H20 H p T2) 
ha2s = h^TfAif, T2s) 
h \f2% = h„T( N H20" l T2&) 

pgl = Psat^TfWater/Steam". Tl) 

pvl s phil * pgl 

yv = pvl / pi 

ya = 1 - y v 

pal = pi - pvl 

pv2 = yv* p2 

pa2 = p2 - pv2 

Plots; 


sal = *_TP("Air ,, ( Tl, pal) 
sa2s = s^TP^Aif", T2s, pa2) 
svl = s__TPf H2G", T1 : pvl) 
sv2s = s_TP( M H20 ,r F T2s, pv2) 

(sal - sa2s) + w * (svl - sv2s) = 0 
sa2 = s TP("Air p T2, pa2) 
sv2 = s_TP{”H20" P T2 r pv2) 

Edot_d t mdota - To * {(sa2 - sal) +■ w * {sv2 - svl)) 
To = 520 


IT Results for t 


p a i= 14.51 Ibf/in. 2 
p a2 = 9a.es lbf/in. a 
P ,1 = 0.1045 IbMrU 
p^= 1 323 ibf/in. a 
l2*= 894.4 *R 
W= 0.000341 

(w cv /mj - -91.98 Btu / lb(da} 
Ta - 586.1 a R 

(w ;mj =-115 Btu/lb{d&) 


E /ril = 12.73 Btu / lb(cfa} 
d a 



25 

20 

15 

10 

■hi 

5 



Fffvvi picte , toe. see lo\ju&r IteA- 
Lfrtvuprtttor AfflticMccj CCWttpOflAs 

■ft) 

^i4rw J c4t>r\ w> aS 

ck^<lcWA. 
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Problem 12-63 continued 
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Problem 12-69 continued 


CO (2_IL-^V f * "ti 0 U C t. A-£) CO i rts -ftsu. d-d-.’f-SVv p Q^r f- ( 0.J J *P — J 

40 = 0-OoSl fc'J <O /*0 c«0. 

fJjcL^e /4- 9(5 Cu i Ft^. cL«.+»^ po-r+^-b Jj 4* ~ 42*%, 

u> ; o 0070 >KO/lfe(«). 

& ) IT Solution 

T_a = 24 trC 

Twb_a = 16 // °C 

p = 1.01325 // bar 

w_a = w_TTwb(T_a,Twb_a, p) 

phi_a - phi_Tw(T_a,w_a, p) 

IT Results - Part fal 

<j> = 0.435 
(o = 0.00807 


T_b = 75 II °F 
Twb_b = 60 // *F 
p = 1 // atm 

w_b = w_TTwb(T_b.Twb_b. p) 
phi_b = phi_Tw(T_b,w_b, p) 

IT Results - Part (bl 

<j> = 0.4124 
co = 0.00759 
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C e T ^b - ^ 0 *O T«*/fo = £©°<L 7j tl l . ■?> is°c 

P+ 


C<0 Ur<>v<} 7T fxnr parh^a^tj/Cc ) 


p = 1.01325 // bar 


T_a = 30 // 4 C 

Twb_a = 25 II 4 C 

Twb_a = Twb_Tphi(T_a, phr_a. p) 

w _a = w_TTwb(T_a,Twb_a. p) 

h_a = ha_Tw(T_a, w_a) 

/T Results for part (a) 

h a + toh v = 76.13 kJ / kg(a) 

<|> = 0.6706 
© = 0.018 


T_b = 30 // °C 
phi_b - 0.6 

w_b = w_Tphi(T_b, phi_b. p) 
h_b = ha_Tphi(T_b, phi_b, p) 
Twb_b = Twb_Tphi{T_b, phi_b, p) 


T_c = 30 // 4 C 

Twb_c = 20 !! °C 

Twb_c = Twb_Tphi(T_c. phi_c, p) 

pg = Psat_TfWater/Steam"rT_c) 

pv = phi_c * pg 

T_dewpt = Tsat_P(’Wa ter/Steam”, pv) 

IT Results for part (cl 

p s = 0.04246 bar 
p u = 0.0169 bar 
<|> = 0.398 

7 cevrf potrit 14.86 0 


IT Results for part fb) 

= 23.83 4 C 

h a + cohv - 71.15 kJ / kg(a) 
m = 0.01605 
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f } -fw T dt - StJ°F, Twb = 4S°F 
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p = 1 // atm 

I a * 80 // T 

Twb_a » 70 // T 

Twb_a = Twb_Tphi(T_a. phi_a p p) 

pg = Psat_TfWSter/Steam M f T_a) 

pv “ phi„a * pg 

Tdewpt» Tsat m R( i Water/St 0 ann l, J pv) 

/7Results for part 

p g = 0.03452 Ibf/jn. 1 
pv = 0.02114 lbf/in. z 
*“0.6124 
7d^w pain “ 05.46 fl F 


T b = 80 ff*F 
phLb = 0,7 

w_b =• w_Tphi(T_b 3 phi_b f p) 
h_b = ha_Tphi(T_b, phi_b, p) 
Twb_b = Twb_Tphi(T_b, pbi_b, pj 

IT Results for part (fa) 
a -0.01539 

h a + wh v = 36.03 Btu/lb(a) 
Twt? = 72,39‘F 


T_c = 80 // T 

Twb_c = 65 // *F 

Twb_c = Twb_Tphi(T_c, pftt__c r p) 

w_c = w_TTwb(T_c, Twb_c, p) 

h„c = hajrphi(T_c. phLc fc p) 

IT Results for part it) 

* - 0.447 

a = 0.009739 

h g + coh v = 29.64 Btu/lbfa) 
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Problem 12-77 continued 
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J <fc>, ~ 


p S^civr4>^ +V *' C C U«rrV &V / Uk 14* (M *^j Fi ^ ■ /l " 95 U *m<j T, 
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R 9 .*-«e 3 .-».j (v** - i? .3 «V/4<*J a«d ~ »MfHi*//W*J. Accr^vy^ 

■• “- * fe)[ m -»-*j=- +f * sr ---— 


C3cv 


( d) IT Code 

T1 = 82 //°F 
Twbl = G8 II ’F 
mdotl = 10 // Ib/min 
T2 = 62 II *F 
p = 1 // atm 


// Check for condensation. 

Twbl = Twb_Tphi(T1, phil, p) 
pgl = Psat_T (’Water/Steam". T1) 
pvl = phil ’ pgl 

Tdpl = Tsat_P("Water/Steam'\ pvl) 
//Result: Tdp = 61.03'F 
// No condenstaion. 


w = w_TTwb(T 1, Twbl. p) 
hi = lia_Tw(T 1. w) 
h2 = ha_Tw(T2, w) 
mdotal = mdotl / (1 + w) 

Qdot = mdotal * (h2-ht) 

IT Results 

hi = 32.24 Btu/fb(a) 
h 2 = 27.34 Btu/lb(a) 

» = 0.01148 
T<spt = 61 03*F 

rh = 9.886 Ib/min 
a 

4>,= 0.491 -*- it, 

Q = -48.39 Btu/min 4-A 

CV ^ Cv 
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Problem 12-78 continued 


(c) In Ma<2 p6yclirowietYvc cUarf +-U<£ cwe^tj r^ufe €^ujajH#Kj 

~Ha£ -fof m 

^ 5 CM wkj) t - f^+Jo Kj), f(w,-w,) 

Frowi Fl'^ A-^ *J (U A *0}U^) l J7 80. (y kT/l^C^'j &✓**(. * 41 L-T/j^f*} . Tlwi 

* 

- 42- 80 -t + 0.15Z - - 38,f S.*-M 

^ /7~ Code 

ti =35 //°c 
phil = 0.5 
T2 = 15 // *C 
phi2 = 1 
T3 = 15 //* C 
p = 1.01325 //bar 

mdota = 1 //Assume a unit mass flow rate. 

wl = w_Tphi(T1. phi 1, p) 

w2 = w_Tphi(T2, phi2, p) 

hi = ha_Tphi(T1, phil. p) 

h2 = ha_Tphi(T2, phi2, p) 

psat = Psat_T("Water/Steam", T3) 

h3 = hsat_Px("Water/Stearn", psat, 0) 

mdotw / mdota = wl - w2 

Qdotcv / mdota = h2 - hi + (wl • w2) * h3 


/T Results 

wl = 0.01775 kg(v)/kg(a) 

w2= 0.01066 kg(v)/kg(a) 

hi = 80.66 kJ/kg(a) 

h2 = 42.02 kJ/kg(a) 

h3 = 61.93 kJ/kg(a) 

m /m = 0.007085 kg/kg(a) •*- 

W 3 

Q /m = -38.21 kJ/kg(a) 
cv a 
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Cd J IT Code 

T1 = 80 // °F 
phil = 0.7 
T2 = 50 // ®F 
phi2 = 1 
T3 = 50 // "F 
p = 1 // atm 
mdoll = 1 II Ita/s 


wl = w_Tphi(T1 f phil, p) 

w2 = w_Tphi(T2, phi2. p) 

hi - ha_Tphi(T1, phil, p) 

h2 = ha_Tphi(T2, phi2, p) 

psat = Psat_T("Water/Steam”, T3) 

h3 - hsat_Px('Water/Steam", psai, 0) 

mdota = mdotl / (1 + wl) 
mdotw / mdota = wl - w2 

Qdolcv / mdota = (h2 - hi + (wl - w2) * h3) * (60 / 200) It tons 


It Results 

m, = 0.01539 lb(v)/lb(a) 
o 2 = 0.007624 lb(v)/lb(a) 
h, = 36.03 Btu/lb(a) 
h 2 = 20.23 Btu/lb(a) 
h 3 = 17.67 Btu/lb(a) 

m = 0.9848 Ib/s 
a 

rh = 0.007645 Ib/s 
w 

6 = -4.628 tons 

cv 
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"T^ tS knovow e< ^‘ J ^31 ke 

TV.e value .<■ U i Vj reW«4 4oT 5 us^ ?v ,--^ 3 P«CTj) w, = o.bii-f ft*/ A 

*tl5o, (juuj kg 3 &ce relA.4e.bt etirectUj -fo t 3 ^ 

2 plu^wy\ TToce^Mfg. . W< see -frow, C3> «*»<! +Ue d*itu$jioy\ of- proivirf^ cvaluA+io-A- 
4Vat t 3 Cam k fow.^ uvk 3 AU [feraWve. procure wi+U <W fmn T<*Ws A-ne 
Z£. e t ou>i/ig it Co<^e provi^j <tv\ «Ife»‘r>ccfwe +o fUe i4erafiVe p'l'oceduiflei 


/T Code 


T1 = 95 // T 
p = 14,696 
pnil = 0.3 

AVI = 5700 if fWmtn 
T2 = 230 H °F 
x2 = 1 
phi3 = 0,5 


wl = w_Tphi(T1 K phi1,p) 

hi - ha_Tw(T1 ,w1) 

val = va_Tw(T1 f w 1 ,p) 

psat = Psat^TC'Water/Steam'’, T2) 

Ii2 = hsat_Px( , Water/Steam ,, l psat. x2) 
w3 “ w_Tphr(T3, phi3* p) 
h3 = ha_Tphi(T3. phi3, p) 

mdota = AVI / val 
mdotv - mdota * (w3 - wl) 

0 = mdota * (hi - h3) + mdotv * h2 


IT Results 

tot = 0,01053 lb(v}/!b(a) 
to 3 = 0.01877 lb(v)yib(a) 
ht s 34.37 Btu/lb<a) 
h 2 = 1 157 Btu/lb(a) 
h 3 = 43.9 Btu/lb(a) 

m = 400,9 Ib/min 
a 

m = 3,304 ib/min <— 
2 

T 3 = 96.79°F <+—- 


TocUtck -tW vaU 4;4^ of-Hvc (T r<$ulK, FJaA-<?£gives 3-4.4 to t - o.o»o£p .wlkcA 

c-gree Oo5e^ wt-R-VWe <espetftx/e IT avvswtfrc. AlSO^rtf* ^ A-<te wi-f-U <0, oj*J 
hj fronM (T, we®je4- T- i 5J< ^'S c 'F wUvol^alSoirees welV -^Ua. vT ^qSmz. 


Tj 
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PRO&{J?M 12 M 


kMOUJM '. Cov^'ider s+co.i'Vi -ajiro-Lj ^umidi-fyer o-f- Pfobl-tivi n. 65, 
FiMh ’. T5e+e-y^ivLi'we, +W ttfev-gy cieUru-tf iota rode.. 

^Ch£Jd ATIc. A Grl UFAJ P.4-TA'. Sit Solit'KoiA 4© Pn5Lle*wi2,#S -for 4W scket^ix-tit. 
. SWle. Z. $ Wfc 3 


7^ -Z3o 6 F 


7, = 96.79 7= 


Tl-95 e F 

ft* M.HUbf/m* ScJ.vtfer f(* lUh»2 

uj> } *&.0\0S3 IbtrftkU^ y*\ - 3 ,3o4 Wj a 0.fii6li IbfuO/^W 

400,^ 

£ ^ope n Se*. Problem i2*6s. % - < T^ e F^ 55o c /^ . 

AUdk^iii’- d^sVuiWA ^4t qxys W e^l^Hd usuaj k^~ T 0 <r tv toiler* (r cV 

U 4ou,nc< tsri3TV\ 0^1 Cntrtfpw tGjte baU^fC 

'-f o 4 

° S ff f ^ CT i - # ^ VT B f * IO, S W C T ^p„.] 

*V [‘ft <T s j?a 0 + 1 Jl) j- s v £ - t j iI P^,' ) ] ~ y ^af s * CT ’> pa,)-*-^ - 'Via.-S^tTO 

,cr *, w i J p.i * * ct ~w 0 p 3 r 

As +U&. ■ferns Ja bmdteEs &.rt e^ck uru|wtUj d-e+tr^^cui. 4W jiVei^ e^jfeL, 

®rl^ME fU^dkj^S pfbviJM \?y IT. £*i is <Aeferort m t*4 usiV^ 'T ^ 4oLLocx>s■. 

fTCode 


fl-c 


Co 


II - 95 tr F 

pi = 14.696 //IbfAn, 3 

wl = 0.01053 ff\ b(v)/lb(a) 

mdota = 400.9 // !b/min 

T2 - 230 // "F 

x2= 1 

T3~ 96.79 //*F 
p3 = 14.696 // lbf/ln. a 
w3 = 0.01877 //lb(v)/lb(a) 
TO ~ 555 // fl R 


$1 - sa_Tw(T1 ,w1,p1) 

s3 = 5a_Tw®3,w3,p3) 

psat = F sat_T fWater/Steam' 1 f T2) 

s2 = ssat_PxfWater/Steam", psat, x2) 

sigmadot * mdota * (s3 - si - (w3 - wl) * s2) 
Edotd = To * sigmadot 

IT Results 

& = 1.526 8tu/min-"R 

cv 

E ^ 846.8 Btu/min * 4 ———— 

d 


L For j-Wes tohtrt -H\e q*ts m.0^1 gumJih £3. 6,r6 £jl4* invoked 

tr? u * fl 



U T J Py) - * n sj-*^ - « u § 


-aj< t) - -®r, lh Bf- 


Niv 


'XT, ^ 


Fwirlkar, appl ■j lUg ,7.e>[,-H> +Ue ^fy «^Vr 

StTj ?*)- scr^f s s**tr) - s°ct^ ) - p.;, i* 

TT ' - • pf ' 6f 


rk<A 


5f T /pA) s 5 B CTl - 5*£Ty*f1 - £ ^ ^p-fyi 

fr«+ 


= [s'ct)-s°c w v- | u^J 


TUe iw IT ft.rt m^ls , TU ae/e^pvw* »-f a UJ 

c«.Ic.u.Iol+'ujv\ 4o venkj +k& it r^su.l+ is \e,Vt 4*4^e reaj^r. 
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pRosceM i^.e 7 


Operofr*} p^o *■^ d fa^ &« <=o *<L'*h on e r *.T jf^^ S++i< . 

Fj^V; U« -r^_ a^u U^ V^tf^ ^ A1 ^ ^ lf( ^ ^ 

^3^-j n-c b'^ ; UJ -b— ^Xv i*f ,\j+t4*Jj fO -^A^fi^^u^- 

£*.+ 4r<*-f ^ - f bv^'tLr ■f'^ 'fifw JVc fr’Gb , 


'*) 


1- _ > j 2 - 


gCHFMjSTic ft 4 T^J 

I I ^ 

T *So°F 
P, 

4^46% 

S" 3*31k 1 


P a n U!-s 


rr H HV i 

^ ^ j Uq U*'d t«A^#r fl (. t,0°P 

f t-L „ 


mup«si; f <i n't. gsmT-yd! volume** .-„ 

ii 1 

L^vtMjdpV {«. 




'-«■■+, O t .=o I1> —[.. ,. - fh "i y + tfrtft K>r t n, 

J ¥ . II} TKt li*vi‘d Ilk <vr«1f J * j * 

S^tfan*! ^4 k^t H* 4 - *. ** * + #wf t^/rt a ► V 

—-^i' W At 1**~d.} , U..U r,f t . v 

M * H" J, i> M .- •*•> . * 


H» j 
Am 


' y t - ^ ^ v ■+ *k w ■ T kuj 


■ V< 


wvi - w; 


* ' *+*l *■ i 

~ VX - > ^VJ- ^Y t = (Wj. to( ) 


. *~*:*?„ ~ u b ^~* *■-^>. t c.*., , 

0= G? tv «-vv^ + "[ -i CyK,^ * , ' I ' C 


Gc< 


Tv^ k 


^ ■ ^<ii U -t ^ £ K^z' U^i J 

'; ;i,l '; Kt ^ ^ ^b 43 -' ^fP, ( r,,:o.. 


Cl) 


<K,»-.«». _E»_ . o. ill .r*-i.t -• l J< r -l^«f*f 7 r)*«.»»i*f/v.‘ 5 . 

V *• L j = 0 00 ^ O 3 >SS¥) 

6t»cu wi’ih o 

' o.*4 [10-50*} H- O &o\aj [ 9-tT B+^/ufa) 

To vU^ J r r be. w* + ^ou V 

T - ?.2^UfA) 

i4^, i.c>os,D 3 rr 

s*> 

si.,, - ^ (<l ) V 9’t-r Q^ ^ = 3/ ^ t Bbw/^s - —- 

v ^ ^- A /Tu) / 

tc) "TV^ ft l A K« *v^ ifcL'frW f> (LcJj U^iv'tk 1 ^- O oH*.'«t J 

o+v- *■ ^ tis#ir^y r^^-t fc*. lhK^«. oyl fcc#»d Covi-fv-a^ v'o/uuaj; 

* £ "V^HV A Ittft*) +■ 1^4 Ua - £w* Ifl41 -t- Wvj j 

U* 1 " +K Md w v % i** 1 

0 * (btvi K 1v ^ H- ^ ^vl 

So'wCk^ fw- 0^2 

U w,(^n-Kfv) _ 0 . 00 m [ 7-10-0®] j P fl 07 S 7 i^> 

<aj_c —-- —-—— -—— - * Ikn) 

k lS -k^ “ “ 

Thjw h/ 


fa) 


10^1 - 19.61 


p„,- u 3 Pi . CckootoRi^mc.J- 0.|7<»T (it ==? SiJ - *L2y S 0.4f7 (48.7%) 

O WXAWj O 

^ ^ ) A ^ b l tj c^n cc *. br ^ ^ 4- (?r 

w A - ^VI - * VI - ^ * ( U-* - «-> J = 3.'j« tW4j [ p. 00-7 il- 0 00 707 3 ^ 

- o-1> 1 ^ ^ — -<—— . —- 


CO 
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?OsD^GM i 2.,8<5 


kMOu)^ : (jL\y U IneaA-ed ^vA Ae-n (>{/.£&£ divrui^U soaked, paj evtfcrred-ke, 

CooltV*3 icwCv. T>at*. aye (c-twtoA <^- variate ^cofurni, 

£iyb - £^rkr»>\i'v^e fM -fUc. &vtten Wvum'uA i4y rtt.4i.Oj tM -H\e. rtuk. e-p h«<£+ 
-jva^-fer baiMj sccf^A per an^t mass I'Htwsf-alr -ptouj(W., 

< 2a*- 4, Cc'i -Hie. kui^wsHtj r^ko £o_#l 4^^u^a4wW dUn Quf g4 -#U 
6v<^rtufvve. caoli smSHo-h. ■ 


SCbteMA^ic $ 6iV€^ SATft : 


7; = 27 c c 
0 - 50%. 


. \ 

. .... I*_ m 1 

1_!_ L. _L 

l 

1 J 

r 

ULUJUUUJIX 

r: i 

1 


SOakeA ^qA 


O) 


TjA's'k » <j£, = so% 

ca C*> 3 

f> 3 i 6t#W\ 



GO 


eM 6 nuegfa.iMtr» i 6 i EooU ie.cfCo> 14 tr^s itle-rW a coviVo l voLu-wie ccHr 

S4<2tukj staJe t Uji+U Wcv ~o &) omA, pt>4evtWttl q,v\£/^u ep-feMs ay-c, 

A€gUfti'blc.* {. V) TUe. vnoVi^anr rHl^Wrc- is M cAAeA <ZS c\m La{ ekl grcs 
rvvtffwre. t4) for4W cooling i'Gjika-vw , Gicv^O ciMdt-|4 i£- p roee?<; is rvvodeJecf 
as OCexi/YYiVvj tot-co%s4^4*^ w w)ei'teuJlb 4^up^(t4t^fe- W-eMfce. ok. 

-H\e. psyclu'D k vi«4ri<-tWr+. 

A f vJACf51^ .• O^ ■proyvv F ij . A - ^ j cO | — 0,0 LI'2. C ir) / Cc \} ^_ 

(JoJ £br -K*£ UtaAVv^ stofOavN ^ cO, - u)^ h oo . tIvulo 

0= Gi ;*+■ ^[(U^+u) lv \ - Ck*+uJ V*A^] 

Fu.r'VVvev'i a+- UcbcKo-* LA : YVi ^ = VVi (:L + A' - Yv\^(l+G0^ 

YYi^ 5 /( l+LO') 

q: k - 6u^tvJLw\,i 


i*h 


631 k 


7^> - 6—^—)fCU«+ wWU- CU^-fU)U aI 

w, ^ t fto y u J 

- l8 ' s ^ 


6(^1^! 


C^i Fiij.A^ ; co - o L oiu 

t 

TV= ^3°C 


UJ 3 


21 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PR-08U5M la - #9 


tfug-UfM ' & pvf &Vwd j . I 

,*,«. ’ *"* *" *" '■-*•'*"■••< "Kjer,* 

—" '**• *» ** -•«« - - «.., ^ 

„ , , t€r *“*■ *t r f iKt dr.’.r 

sch6m*ti& i aiygM ‘lata,* 3 ! ^ -r - 


L—j£r_ A 


r, s &o -p r 

P, - |A^ 1 

-• &S% ; 


' -r,z2^¥ 


mm 


t T 3S irtfV 

f ^ ^ 

1 4^ ■= J D a ^> 

J 

; ^ 4 - ^^06 Jb/A- 


* h»krt k ilj 


gwgiweeftmg- mc & eu .ld T k>.^l™l ^|. Ln -^ * ^ 

—u - 2 r£K 7 T 

klV ' ' tart ' " ,r * '- ' “V,^* . Tht W ,f £«,.. *r «^,T,7 ,7 *" J 


HN 5 ^1 *"«, -4 t*, 


T„ 

- |. Mb 




» / 

U '« J w i ! Pr, '- ?, Pi f7,)» (<3.fcS)( c ’"5W3) = 0,^2.<J-7' , t /,. , . , 

*'*f/*v. tu.h wJ^ejVw 4 ' ***'*> W*oMvn») 


OJi - (5. 






— 7* 0-0 ! W f M,fcfe ■ T- 

3^7-1 j 1 J* 


aof'/F i^l> 

Ikt*) 


^ . ^7&q Ikt>)/+1 _ z I 0 iw*) 

rcj.onn* - o»oLi-vft ^ 

iuvo 


^ tr * 11 r 3 / On* 4 kt Ufnfi'^4 u*i t'f f^iiuteS fp 4 i'i^C 

/U J J 

o - Qtv +■ t *»*. Kai -v ^ ^ w* ( 3 ~ C ^ 4l ^ ^ ij 

cur 

Q c* * £ (S' 1 - , ) -t tv t ^ £ 1 J J 

- 7 0 ^ 177.^1 - Vt^ ofco- 61417 ( "7*1- I Mt.nV] 

- l.WPX^^SV^ "■*- 
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PRD6CSM [7^ 


Kmqlo/o - ‘D&4&. pfo^icf<u{ -fo^* *v>OisE air Wmj 5<jtpplije^ £wJ. frov^ 

OCc^ l zA cAmi roowi , 

f* i N ft « (a) R>r 0- 5pecili<^ su^kj aV vaJumctric. 'fiouj fcJe j de4£v^ t^e +tm su^Uj 
fr*r 4c^£ omA fottf<.4u/€. tvuiM.tciJfy, CWJ PloA jv^aU* cult 

a*v^ feltx-Kve tauvuA'+a ^Jus SWVIm <nlt~ volumeJvid -Ho^JroJ-t 
f»w» j 5 ft> ^o wi’AmV j j 7 

5a-tEMATiC. ^ C,U/&Q T)^ 1 ^.63« 1 14 000 IO-/A 

T ~> z - 

T* = e7°e 

A * S^y* 


1 1 
I 
r 


T,* ? 

*, 3 ? , 

■ -- - Cn- 4 

jsf M^to ^ i rsiv « 


L„Jg^ ^ 


P k -F^= I fru - UI315 


*■ 4,5 

^a+w*U 4 v*ptr ■ << 33°C 


€M6<u£E£fA>6- m0D€l;Oj Theu^fr 0 | ... 4 *__ __ . /. 

iMf cwn, ^,LO •'-< ! ‘“’jl-'JiU. 'ffr«ti oi t -Hd pof,„., rv 

Ci^ 'TKf. fy oha <3 C c.u f* 6.M. # 1 r'j y* ^ DK . ^ f> j ^ 

TKt K-eTit ftir ttra^r "h? t H« ft t*+l 5 *W*/ . ^e/Jvr* 1* (*i‘^ K 

+ Uri^ko»*.1 *■ t l 

ANAP/&I S ’. A+ StCcicC* •j-fe.-U., Mass rAte (s6/«,ac«s <1 ivt: vm. ,* 5. vv\ a • m\ v +m s m u . 

TVus ^ w -.^(w l . J W| ’),.r 3 *' 1 ‘ w Vl 




HO^-u).) C») 

l^s W*n«likj ncHbu) x }i -fcw.i\cl uAiVg 4> a pCrO (*>,.= . 

To (Je+ctriMtna U), *«jC T, we. U-Sfi. C. v\ ewe^Jt) irait boi&^ce , u) k i ok re^Cni a,+ S+€«JUr 
Skjte. 4o J 

0 = Q.iv~><^ + t *V' a ^« 1 + f*vtVv„l v *>\ w Vi 3 - L'^' fc U fc% + v^iviUvn.3 

Oy* 

^ = ^ 1 st * L f ^ x ^ +- ^1 ^2 , * + Vv\ w 

bJi+ls T^ a^cl T^ k^o^oxAj+k^. Spicvf^c lcvia kt cle-Uvmi^if.. 

-fVjms ^4 -K^o va^U-vuwias \ oJ, <x^dj. t &£su.o,4u^ c^) U<&s +Ue s^uwe 

Vwo u^llLuovj^ oam 4 a-tso UaS aC oak u.^«aou/a * 

A^oVker e^>'r^i5uHA vs ob4^^we^ kxv^ VA a ^ 0 

as Co ttoius' ’ 


(A^r\ * ^ r^T. 1 , vk^ C zM+vr^ 

1 C 0> % -hJC\ L Fa, j Cco T ^, ^ C p - 


U)W u^ ( -- 

<A) S»^pV va\ vi^ -h&bi-e dc<f^ } ( Av') i * 4o . To o;-, 

Fvi a £ x -0.5< 0,03st-r) '0,0n84 U<. 

_"\ 

L (LorSXT - 0,01164^ J 


iV 

^4y 


lo^ OiblZ 


it* ( i/i 
0,0Ul—2- 


fW 


m 


^ f^.oui - u;,^ }^f{^ 
* 


t«0 


3oV</\viej *=^--for 

cu z ][ ^^/wvyj + ^33 ” ^ 

' c^T^^vT 


Continued on next slide 
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Problem 12-90 continued 


From T«bk 2550.8 ^ *2541.7 M/b, . W.‘4U k-Vi' *. CT-TO 

Cp* = l.0«S kT/lc^K, Iaji 31 “ ‘ 

^ _ CO.Otn > ^' )g> °%.s)*-2SH.7 - 2S?a.&]^ i,oo5 f-rwi} 

[O^® 00 /-?.5 1 ) +• 25fcl.7 - W J 

Ffo»Vk E^, t3^ 


40 


- 0* S kg/k) ( 2 , 8 . 5 -} fcg-lcVF, + Z 13) k | | („ 


**“" (O.om-UJ,') Ci.0i3i5 - p v , ■> bA<- 

From 

P _ UJ,O.0l3lS} 


1^0 WHl/l 


\ ^or 


10* w/*r 


f l 

| l k3“ 


iv 


0,b*2 Eich 


£<^24- U * 


SoWrno U) * icStiAo oua t4rr(uUve rpreceduucne u>i*W\ JiaJ^ -tor 

naCT^ +tvr^ A' 2 , : T s: i5,i *e _V_ 


l i - '-I 
u>, - $1fc 

p Vl - o.di s^z W 


To aOr (fc 

j 1 

4, = ?u/f CjA ~ 0**»|53Z/o.®n<*l = 0 . 8fc1 


(l») TUe d*A*. -fo-r 44\e r«^(*vre4 j>lo^s a,re 
/rcode 

p = 1,01325 //bar 
T2 = 27 
phi2 = 0 5 
T3 = 33 // *C 
Qdot = 34000 H kJ/h 
mdotw - 4,5 // kg/h 
AVI = 40 // nWmin 

phil = phi_Tw(T1, w1 T p) 

ill = ha_Tw(T1, wl) 

h2 - ha_Tphi(12. phi2, p) 

w2 = w_Tphi(T2 ( phi2 P p) 

psat = Psat_T( ,( Water/Steam", T3) 

h3 = hsat_Px( ,, Water/Steam , ‘ 1 psat, 1) 

PLOTS \ 


uSiiaj IT^ A) IIqlo* : 

val = va_Tw(T1 ; w1 : p) 

mdota - (AVI * 60)/ val 

mdota * wl t mdotw = mdota * w2 

0 = Qdot + mdota * (hi - h2) + mdotw * h3 

/T Results for (AVh = 40 m 3 /min 

tv? = 0.01115 kg(v)/kg(a) 

- 55.54 kJ/kg 
h 3 = 2561 KJ/kg 
- 2691 kg(a)/min 

tli = 39,79 kJ/kg 

(!>! - 0.009592 kg(v)/kg(a) 

Ti = 15,47’C 

<!h = 0,8758 (87.58%) 


M 

CO 

<a> 

T, 

*. 


24 

22 

20 

U 19 
:i 

H IS 
14 
12 
10 

35 40 45 50 55 60 65 70 75 80 65 90 
(AV)i (m 3 /min) 




(AV)i 
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KfrJQUjki 2 D*+a- arc pr GV idrd 4*^ ^ t , j_. 

_ t c< attfif* ■+p,* *.,** *»V 

—^ c^t^rsvAC. +Kt rfc^c fi/ fy«n ( f***- -fa 4k* drviy^ a-! 4 ro ^ 


J M v,d w *f^ *> i-ijcet*d. 
ycrt IF M A Ttc f li Ivf M 1>A1^ ; 



Grj^jweo£.tK^Q- MOD cl : Cl) Tti£ Covif7x>i VoU^e * „ , 

■*' ■ C ^ £ ■CL 0 |^, jp, ^ ^ ^ 1 pi a, 1 ^ 1 ' fl W f^J 

*t ^.J r c + ^. W+K W. v -.o ..4 -jKj.W «*»* „/ ^, At S ^ pJ.-W 
*T 3<3 ' “I TU * , ‘ < ' W, ’ d “ ,4 *’' t •* WJ. Thf. «,,-ft o,r jtKfw 

ftdKlv< +° -t' 1 -* .‘dec| 5Ai * 

Au *UYIlI. A+ &4t*d^ lfa4« ^ r* f < ^da(ak(^; ^Tvc, 

Mr ; t*» « l -v t^fcv “ 

!«!«■■. “'■'I* = IC.VJ *>*.„, .i,^ „«,^ 4I - ^C**, 

Co»* v <***■'*^ Km r« ui N 

* W l + ' f ***} ~ w * **** -^v l^at, ▼ W*, f W^tv, J * M ’ 4L { i*j_ 
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P(?O01£M /2.44 


See Example 12.16 for the IT code. To obtain data for the plot, use the Explore button 
to sweep AV2 from 0 to 1400 mVmin in steps of 10. 


PLOT: 



(AV) 2 (mVmin) 


Discussion : When (AV) 2 approaches 0, there is no flow in stream 2, and the exit 
temperature approaches the value of T,. When (AV) 2 becomes large, the effect of 
stream 1 is reduced and the exit temperature approaches the value of T 2 
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Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 





























Problem 12-97 continued 
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J. Avi »H«rnat ive 5°Itcfiow +Wcd- avoids Htfm.-Ko>iUitVU +abk ck+a. is otofaiwed 
U5mj IT, as 4-o l lou>s ; 


IT. Code 

T1 = 33 // °C 
Twbl = 29 // “C 
T2 = 16 //*C 
Twb2 = 12 //"C 
AV2 = R * AVI 
R = 3 
AVI = 1 

p = 1.01325 II bar 

wl = w_TTwb(T1 ,Twb1 ,p) 
phil = phi_Tw(T1,w1,p) 
hi ~ ha_Tw(T1,w1) 
w2 = w_TTwb(T2,Twb2,p) 
phi2 = phi_Tw(T2,w2,p) 
h2 = ha_Tw(T2.w2) 
phi3 = phi_Tw(T3,w3,p) 
h3 = ha_Tw(T3,w3) 


mdolal = AVI /val 

mdota2 = AV2 / va 2 

val = va_Tw(T1 ,w 1 ,p) 

va2 = va_Tw(T2,w2,p) 

mdotal + mdota 2 = mdota3 

mdotal * wl + mdota2 * w 2 = mdota3 * w3 

0 = mdotal * hi + mdota2 * h2 - mdota3 * h3 

IT Results 

to, = 0,02391 kg(v)/kg(a) 
h, = 94.37 kJ/kg(a) 
o ) 2 = 0.007106 kg<v)7kg(a) 
h 2 = 34.04 kJ/kg(a) 

003 = 0.01105 kg(v)/kg(a) 
h 3 = 48.2 kJ/kg(a) 

T 3 = 20,08*0 

(j» 3 = 0.7508 (75.08%) 
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Py ( s »(e.lV 0.214 15) » 0.04 IS tl»f/iu. z } p^e ^ p^-j^ -(o.O{0.'5lbS) =0.iB1‘? lbf/m> 


m 


Fa. (w)> 04.64C-0.0428') Ife^tuSofti ) 


*' v a , 


*«.T, 


iLMV 5( s*/0 

USAT lk- s fl t51 } 


Ii! 


144 


t {V 


4H ft 4 


lb£*\ 


VH 


L^l 

rV*UA 


, r»3 CAV-lj (H.^t-Q-l6Ml< .Sao) | m i (to( , 

-' K - T * ■ c^r 1 ) c s^') I I P = 

of UJ, tJLvsJl Wj are 

a » . 1 -■ 0.00,S !£& , <*L -.»J-- 0 ,ai " 1 Lo.ooe.ote) 

L(4.to4l»~ 0,042 8 J | W«*\ > * - 0.1&11 J lutn) 

Accordingly, E^. Ci 1 ! gives 


to = Oil. 1 ? 1 fO.QQg l 4 3VC 4 4.44^0.001 6) _ o 0) s ^ n lb tv) 


l U-> - 44.44 


SolvtA^ E^. 11.4 3 


„ . W t r t . (0.0(3 Z1 ) _vt4 

f «*’ O.Mf« v - 


llo(«>) 

Pv2 


C,30l 


PgCT^ p fl tT4 

Tfie femjxraWe T*. co.a loe oloW-v4t4 frotA Ola Crterj-J rate loaUAce wUiok re^Uocci 
wi+U aSJtxmpHoAi lisf^t abc^e +o 

* jf Q * * * s> 

0 Y 

0 “ ^ ^ vl ” W *-3 +■ 

So\viv\^ for w-t^j 

Liu,k. ^ v^*3 w,Vv a ,"\ - Lkt.-t-tAS^ 

“i 1 —T-;——- - -—— 


Cz) 


vyi Cv*s * x 


Continued on next slide 
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Problem 12-98 continued 


eitfutx Wvy^ Tables cx^vl A-2/2*E 

_ - l 125 -* 11 »tP.0°8^^U>O < 10.3^-(<fq.q4^l23.01t (o.&aBXl 085.5)1 

'i, t ^ T- — - ™^ — ' ---- 


142.3*2 Ihi 


m.i - 4^4 


ib(*0 

(T) TVuS fffiu.A.'Viov^ e\. Simple <a_vv Icviouin t 7 "^ . Solvivta »+er«.+i^elt< ^,'^q 
^/cs T 2 c 14.0 °F ^__ 3 


+*bk fAeuK 


KeVarmwji -Jo e*. £i) 0 3n - 

rrr^ ■- Cii-» *V 

0.4 27 3 

To 3 at +U<lva 6 .^i ^Ioiaj rale. c.+ i 


VX 


- KCl+W^ - rwi^ 3 - 
= Oll.T- 41.44'U l +- 0.013 27^) =fc2.SS ik « 

- _______ Ml k 


---- -„----- _ 

*■ Av\^1+eriACi+we sof^+icm +kat wolds \HraKoK ui ikU 4atk &t£a„ j 5 oih^med 

Uimg LT, follows : 


-T^ 


IT Code 

T1 = 55//°F 
phil = 0.2 
14.696 

AVI = 650 // fP/min 
T3 * 66 // °F 
phi3 = .6 

AV3 = 1500 // ftVmin 

wl =w_TphifT1,phi1,p) 
w2 = w_Tphi(T2,phi2,p) 
w3 - w_Tphi(T3,phi3 ( p) 
hi = ha_Tw(T1 t w1) 
h2 = ha~Tw(T2 P w2) 
h3 = ha_Tw(T3 t w3) 

mdotal * AVI / val 

val = va_Tw(T1,w1,p) 

mdota2 = AV2 / va2 

va2 = va_Tw(T2.w2 r p) 

mdota3 - AV3 / va3 

va3 - va_Tw(T3,w3,p) 

mdota3 = mdotal + mdota2 

mdotal * wl + mdota2 * w2 = mdota3 * w3 

mdotal * hi + mdota2 * h2 - mdota3 * h3 

mdot2 = (mdota3 - mdolal) * (1 + w2) 


IT Results 

«i = 0.001616 lb(v)/lb(a) 
= 0.01328 lb(v)/lb(a) 
CJ 3 = 0.008154 lb(v)/Jb(a) 
ill ^ = 49,90 lb(a)/min 

rh = 61,79 lb(a}/min 

3£ 

m = 111.7 lb(a)/min 

(AV )2 - 650 ftVmin 

I 2 = 74.71 °F 

62 = 0.7215 (72.15%) 

rh = 62.61 Ib/min 
2 
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PR06(-6m 12.^ 


JOJOUiy- M D lj+ m a+ T, i bar, <t. ! 5°*/o . * 3 Lg /wii^ mvxcj e^ijaW+i'cAj^ 

uii+U soL-ki/'o.+cJ tLir a^ - T t = S“c, b>st**, S fe-^/yvn'w -J-o proei-uce *■ jrws-Je 

Vv^xeit sFrea^ ck p^-iUa 

F 1 -ND,• 1?c+^v iivv- iirt t, (|>j j Tj j ot-^d. -fb^. ei«s Fr^cF'-o'vv fcUfi. 

iCbt^Wnc j D4 tA : 

;;-4 , . 


S*>r*ttt mV _ 


Pl * Pi * F\ * f Wr 
Tot ^3 K 


/iL_1^ £,^7 

'?/-/ /^7"/>^ 

■ fcN6 ( hV^f? i A 3 S- >ytop£Li C i’t The. Lo^brof VdUxmtL. ,*., « t aiup,^ ,■„, -fi j wre <?p«r<if»X 

V‘ HU «V‘‘^v = 0 -** bVfrt •*< *»+,*+,>/ •*«,* 

,i) eAc-h cam be l^a^tie-d ak Id *a| jaj vyuitfe^. 

-V+ s+eo^ttj skti, vv»*« mle bftWs \r*4uce kW w,* a*,* 

*' A * - VV '(X,+- , VW V J = Wi „, + *n Y T. . Al Ui'tcfdatk frVeAvn Yv. = vv\ A +m v - w A Ci4(*0 . 

JVceovtU'ngly , vn ft3 io 3 - ^ n ,U>, + rfi, o*- 


W\ = + m v = wi* £ L4U0 . 


^cliT 


f ^1 1 


in-w, , 

1,1,1 ' + t(+U)tJ VM 1 


MhA /+■ l TTZfoi 


ToJu, J «, »* , P». - *, PpUM = W««0 . O.OXIM W, p Vi = ♦.p.crj , o, ooel2t „ 


<*\ = e,4,^Z 


Aco?r J.I rtjl 


/ qo^tS-g \ ^ 

-* o.o z.4^3- 1 ~ v " 


/ C.AoSlx, 

° ?tt ^ 7—-7 0 .b 2 Z|- — — 

7 \l- &.QQ 




/ ^£j243 y.x f p.oosn \,^ 

tO - - nSIHl ~*~ll-PQ54? f 5 ’ 

( 1.0114 *1 - (ts 
^oWmg 12 

c? ^ F 3 ^3 c\WD.^S4tD 




tM 


5 D,bTt+(0-a 


- 7 ^”- 6,01342, + A 1 6 0-°^4Z 

0.fciO4k 3 P^tr-J^ FyCT.l 


To f\ii J 7^ ^ An enfr^’j r* liu^^f 

O - -V^cr +* C W, k,*, 4 Vi„, UyO ^ C- Ui * t Li “ ■*■ ,il ''' 1 V ’ , '0~ *■ vi "'l 

0 . UL* t ^ Ut, 4^,H' ] ■* ^ A '“»' K ^‘ 1 ■+ <“1 


, tH VjW j3 =t yv-a, Lk,f to,k 5 ,] Y- W t k(|/| 


+- 


K/tUu)^ =s2.qfe k 5 ta.V^ f v^^* vC.^/cn-uJO = ^.<mg ^{AU fm 

‘<*b>W K-l. t h-’i-'L- 

c?. e !^t3«.iitft>-oi54ii')(isy£p.351+4, , n 2fljfne.i +fe-t>E>s*n)(i5te>,t,1 ] 

“i w 3"'3i H ‘ CiT'ifc + 4.^1 Tift V ... " 

-- 1^5 

® rliij e^UAfuvt W.s atV 5 V« ^Liuu^.Tj. Solvmg r+era-kue^ ^ t K; , an've^ 

T 3 * 14 .^ *c ^---i_ _ _ .r. 
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Refurv^ +o H-CO, <(>,= * 0.818 (01.8%) *. 


TKt €jcer>tj C^5+\rU tKtfl* rede. *‘j fr » ^ - T 0 CT>^ , ^Af.f * 

+ kt ir^kf *-jf tf^trep y f ^ * b« /^nd 1 ^'(A <* f- ^ 

S\~+* *ff ft <L*/ f# f -h> 

* 0 

^ y* ^CTijftni] 4 ^ VtS* ? ¥l ) j **(T^ p ai ) h S|fT|j] - 

0*J, ^ T 1f ^l) 4 ^ V3 tv CT-jj p„j) J -v- T'ttf 


4 


Dr 


^Cv ' C^.n*, faO * Pn)] - ^-uL?* Ct.^A -t ^(t,, p rr i] '^*LC^CTi)p 44 _)4t^r| (r*lj 

Z •***£ ^j)‘ U^V^')] 4 «*Uv UCT^^J ■* r^tT^Fri) 

— ***< <*i CTl) 

Ivi^ €v^ ,<r > r V tT ^ P*) s * J * T > - £/h v ^4> ) 4 . (,.13 4K* ^ r ^ 

cr cv . ^ L'p* 1 -^- R.'-g] - •"-. [^' '- i- 

♦ L s * t7 >) - £ ^t,T- C s i tT< )-l 4 ,?,] -^«t<»».*i (Ti) 

H \j J >n y - 

Fro™ ^reV10U5 C.0.1CM.U^10 a s; f a) s 0.916n Wr, fc_i o/MiZ8 ^r, *vul p.,- 1 -o.oi34Z = 

0.906 S0 bdn". Fv<Uu.«ot i a<j o~ tv u»14k <f» A 3 l.oos kJ/kj-K * 

r„ -- 2 . 1 (. f..o« fc, ^ . «Jt) 1 4.„z»r,.o«ft, «i«- fcffil A. ■*“»«)+ 

l 103 38.91 0.91511 J ‘ aiS z.8.91 0.99(Z8J 

(l.93 2^{ff.0084to3') [6.19544 -*Ji?.C w>0 .8,s] -(i-9i)< 0.01344) [6.4533 - o. 5 1 - 

i9,o^ J L J 

C4.<lnz8)(o.oc.543)C9.0ZSi) 


0.00 9 8z& t t,? /r " 1 '* 
K 


TVift ^.ji«TrC| cl^s (tllc+iV-a r&.fc K 4Ue»\ 

£„-- (MiK)(t.oc1»tt £ 6 ~S)| 7 r?| l 1 ^ 

K I ^ ^1 IlklA 


=* 0.04& W-W ( 


U A ir\ al+6rr\c^wd So 1 uK#^ 4ivcif Avoids 

L^iin^tTjAS ^o^U?u>S * 

/T Code 

T1 « 30 //*€ 
p = 1 // bar 
Phil = 0.5 
mdotl s 3 // kg/mrn 
T2 = 5 // ’C 
phi2 = 1 

mdQt2 = 5 H kg/min 

wl = w_Tphi(Tl F phj 1 ,p) 

w2 = w_Tphi(T2 h pN2,p) 

mdotal = mdotl / (1 + wl) 

mdola 2 - mdot 2 / ( 1 + w 2 ) 

mdota3 - mdotal + mdota 2 

mdota 3 ’ w3 = mdotal* wl + mdota2 * w2 

mdota3 * h 3 ' mdotal* hi * mdota 2 * h 2 

hi =ha_Iw(T1,w1) 

h2 = ha_Tw(T2,w2) 

h3 = ha_Tw(T3 i w3) 

w 3 = w_Tphi{T3.phi3,p) 


ifer^+Con uiVU+atU da^ is obl^iueJ 

0 = mdotal* si + mdota2 * s2 - mdota3 * s3 + sigmadot 
Edotd = To ‘ sigmadot / 60 
To ^ 293 

si = sa_Tw(Tl J w 1 ,p) 
s 2 = sa_Tv<T2 t w2,p) 
s3 = sa_TwtT3,w3,p) 

IT Results 

mi = 0.0135 kg(v)/k 9 (a) 
m ~ 0.005486 kg(v)/kg(a) 
cds = 0.008477 kg(v)/kg{a) 

rh - 2 96 kg(a)/min 
al 

rh ^ - 4.973 kg(a)/min 

rh = 7 933 kg(a)/mm 
ao 

& - 0.01009 kd/rniivK 

cv 

Tj = 14 41 ft C 
fa* 0 8167 (81 67%) 

E = 0.04926 kW 
d 
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p<x £ 11 -‘t^-f'i 4 W *t'C_ cii U I^U^u i*' ff * if! C ) ‘+^ JI At -V^v p-*< (1 4y r * * -T - Jt_y 

<*A*W^. ckAtU^, 

'SCtftJu^'TiC T GrUFJU foATA: 


© 1 


8o°F , 
$ i ta?J> 


d4]k^i r 


I SflT 1 

i_ \: u^} 


M»- 



.© QrfyNf^ 
4> -47% 


(A-y-Jj 5 5 oo»^*Ynm*i 

- eMlWEKIW TUc**n,J *>Ws -l-- -fc,u~. ^ ^ 

s4*-Ci . ^w-t— Cfl^bncl vrtioi*« CS.cw-0, and Uj Kinth't ( pt+c^bZl 

*ff*efr C*^ (t-* C?J ^rf ev ■ r- jh-«^ o-k^ la-o IjJLi A 

CL. V ^ d * «A <j (Vfl WM^y -f-ULF ft. t^r ) p- l A K*s. il3T 

A ^ ? ’■ tO M* ^ A-*J£-l V-> l-X^v^o-j ■prv' cLy ^ * ( r & 4 * d us^ tx f j ' <? d tL 

*Lz U Lrt^vt A /-* i/-a-> e-4. tu. ^ Vv* ^ - Vvi a ( ^ i 

u ‘*‘"3 **« j A pg <^ *Tv Tt 

<"1 i O-t. - !^. (O t»1( 0 ,!ni ~^V_ o. t>!^ 1^* J ( aj x - Q (.Ti/o.A](< t.iK) - o. Oo ‘t'LL. 
lt-7 - <0- t-K O■ ST.TS) H. t _ (t. t) (o.UKO 

vC, 4> - & 1 _ (^_6* f J^/^-)Cs+ +®>'X.'-M-) lbf /^ 1 , t0 


VftH_ ^ ’T 

| 1 1 1 
Ma 






4r,3otT Ji. 

Jt 


TWi , y i ^.l t loi,y(_0. 01 J/y-0-OotlL’J's l 70 1 b ~--- (&■) 

Ibj FbU<fc*J ^ tw <d-e uui*a * ^ Sec* li'H- 4j ***** a*Vc a-#^C* bfcUw%c#j ^i>e— 

Vii a - ji a \ ^ ftv ^ LaA a i 


W. UA 

Ftfv s Wfc 5 




^ 4,-7 ^ 0 + ^7(tJ -trts - j] l* H* n 1 " 

w, ; ( p.,nX47)t»-WJ . flnlL , vC>. 3 > <^j«e-= ^°°y 83 S-8 j^ 

rt.7-(0 *H)f0 tlL^1 J i-Tj C^TtX^ ) 


M. 


TIaj-iaS^ to <^V4o 

(p.eoAtLV ♦rs«t.s> -fCp «-'.7 > )CeJS‘*^ . n . hl r>?q 

A “ ---- T“ 

(4>nei -r-^ 

(7) U-^. ^jJ: W P-M>4af# l L 70 j ^ V^*J 

,pt [w. 4 . 0 .+4tT4.fF)j = t°^ )ts%)+ 

Nj j(p.i^ r J+ 0 Oil.l('*<*&' w *)w))j 
3 2.6 L3 BW(b(<*») 

Continued on next slide 
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Problem 12-100 continued 

Or 

O. ■XA-'T T+( 0 f) : ir.(.o t —-y 7^: (,v 7 fl f 

To u-t U.4-3 «^iV<L 

Pv^.= - Co otOjKKHa) , 0 . 14 -tr ftf 

O-oi 01^ -+■ o 


Jl 


^l ,0,Hl ( o oiov=l + O-Wl) 


IH* 


© 


4c = -J± - , o.s-z-c. (.*=•<■%) 

P<j4 o. v*»Li 


cm. % «}•*) 


i. Ui^Aj -^(4s ew&.'tic 

U*-f cfaJtcc. * 

3 Tw-4 (y t/Jifvj 1 ^v\4_ fyj'c C k*v"1y 

c i/vv r ( d^v^. t f y ’i^^-4, <-< fx ’H /l_a^ t^r t ^ c/ o^A-^ yjt" < 


A* <Lu c* *\j 
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F/MS‘ 


Plot -K~» 4-e^t^4w-e ^ T^-*. •i £ ''#v*J itmi« ver TUJ -fu- Aa fl'o A fC^». 

C ^*' , J <l1 '" i". ^*- +uyo ilUthi'iu ify^Awl 1 


SCHEMATIC T Cn* EM t> A TA : 


+.’30% 


Tf.qoY 


1 V 


k 

4 

% y 



r ^ 

' ! 

/» 



Pj - Ja +v«- 


k)g- tM^D£L : The c©nM?i * 

site-ctui t4#--J 


ftir. »*»M "* uA^i i ***? 

»i„ * »i», « tU,, -^> iv.v**, 4 *-» eU/j 


7 - —— - -- . 1 ’ ^ ' ”'■ rrj 5 u r<r IT 

+ " d 3 **~ 4r t ~ HU ®cv=Vi>fv *0 -a-d «-fK+r tf*tf.*e ...d p*♦*»*-„| fHt « y 

*^d*tXiLr:«) At I+e*dy Sfatf H*AJX r*fr <»•,(»„<•<■; rtifwc# *» JiVC 

W(V«AI ■* W l *^*1. IT Ll^J ***J 

Wf I »t U/ 1 + + Uj v 


"TuAHi 


“I ►* «1- 


(% V 

'■' hi** 1 


r+ f 


Ct> 


bA*rt V**./*^, To Oj , U> t , p ¥ , a i^, Pj (T, )i 6.? ( O-tTtl )t 0-67fcK 'W//* 5 " 

put -- +1 Pj (T t ) a 0. f- fO-M n) * 0- S'S-1o4 Ibf /,•„*■. Tk«« 


to. ■». o-totot P»-r - Q. fcti c t).^^^^^) . rt.rtftaa -7 ll>f«) 
fi-<Vt I ♦ (,<} C - 0.»7*tf ” U>M 

Ul -. o.fcU isLi. . (o-fer-i'JtO.syio.l) . fl.oivrt? 

1 Pv-»Vv 14. <3 tit 14 v ’ 


tUi 


+ C'*'*" l '*i + *"»i I'lOt (.' ll «i Imi ■* ‘“ft'wil ■t l> ' , »l*'<J + l " , > 


0 i. to*, t >v„ , to, h,, - ) 4 hi.i L^ai. -* «o v M>- 5 “ f u ’j*'1j") 

or . 

w ail Wj ^«>CUm H to v 1 

W t + hiu 

. -t to. t|<3 4 

, r q V\Ai * W|K^|) LKa V + ^ t 0 

r-t I 

' L J rTT “ 


a} 


(3) 


VAs.w^, tv- aj^oul-T ofel «■ (■>.- t ^a+itolij. ) sO.14 Tf^F 1 ) +U>(lObl f0.444 Tf°F)) 
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Problem 12-101 continued 


Aecor^mgl y 


Of* 


l V 

o. 

V4 (,to) 

f 

II 


» ! 

^ 1' 

is 

<,! + 0.44 + (fto") 

t (O fT.fcf 


K n- 


r i Ice. q t. 

OW tbtr) 

«) 


uitnc i 




o 

*14 

* J ' 

Co t 4 CJ- 

fir «>K + 0.44+ Tjl 



^ L 

r±i 



{<?• 

14 

+ 0-444 

[ rJ JSF‘jl T * = 

14.4 -%% 


4S*(.t03 


f+ f 


kn**** u.,1 0.00111 ^T.-- o. ow F17. Fur f )T> : i c Jfc ^ ^_ 

ct) Tke daAn ■for -Hi£ r^utf^ pl«+ c*rt $W<ui*eJ, usi«j iT, 4 S -follows • 

JT Code 

T1 = 60 t! 6 F 
p = 1 // atm 
phil = 0.3 
T2 = 90 // °F 
phi2 = 0.8 
r = 2 


— T S 


wl = w_Tphi(T1 ,phi1,p) 
w2 = w_T ph 1CT2, p h :2, p) 
w3 = W-TphifTS.phiS.p) 
hi = ha_Tw(T1,w1) 
h2 = haJTw(T2,w2) 

Ii3 = ha_Tw(T3,w3) 

r * wl + w2 = (1 + r)' w3 
r * hi + h2 = (1 + r) * h3 

PLOT*. 


IT Results 

«>i = 0.003269 lb(v)/lb(a) 
(02 = 0.024 57 fb(v)/!b(a) 
a» 3 = 0.01037 !b(v)/lb(a) 
h = 0-6577 (65.77%) 

T-i = 70.26°F 



As r-voo , T,-* T^to c ‘F j &S 
peeked. 
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njoz 


WiJ, - cLa4t\ <*re p^ov'tctcj, -foir 'fu^o Vv^ou^ cl vr iru’xma *viudoe*f fcfcUii 

a4 s4ficul44 <W,-1 <j 4 J 


<*+ s4eoui^ $W-U« 
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Problem 12-102 continued 
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IT Code 


T1 = 80 II *F 
p = 1 // atm 
phil = 0.5 

AVI " 2770 ft fP/min 
val - va_Tw(T1,w1,p) 
mdotal =* A V1 / va 1 
v/1 = w_T p hi(T 1 . phi 1, p) 

T2 = 120 //* F 
Twb2 = 65 U - F 
ph i 12 = p h i_Tw( T2, w2. p) 
w2 - w_TTwb(T2 J Twb2.p) 
AV2 = 3000 // ft 3 /min 
va2 = va_Tw(T2.w2 j p} 


mdota2 = AV2 t va2 
mdota3 = mdotal + mdota2 
mdota3 * w3 = mdotal * wl + mdota2 * w2 

mdota3 * h3 - mdotal * hi + mdota2 * h2 
hi - ha_Tw(T1,w1J 
h2 - ha_Tw(T2,w2) 
h3 = ha^TwITS^j 

0 = mdotal * si + mdota2 4 s2 - mdota3 * s3 + sigmadot 
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$2 2 sa^Tw(T2,w2,p) 
s3 = sa_Tw[T3,w3 p p) 

Edotd = To * sigmadot 
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tT Resuhs 
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al 
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h2 = 48.8 Btu/lb(a) 
h3 = 39 05 Btu/lb(a) 
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cv 
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Problem 12-104 continued 

IT Code 

T 1 = 120 // °F 
mdotl =140 //Ib/s 
T2 = SO II °F 
T3 = 80 // *F 
p3 = 14.696 // Ibf/in 1 
phi3 = 0.3 
T4 = 100 n °F 
p4 = p3 
phi4 = 1.0 

hi = hsat_Px("Water/Steam“, psatl, 0) 
psatl = Psat_T('Water/Steam", T1) 
h2 = hsat_Px("Water/Steam M p psat2, 0) 
psat 2 = Psat_T("Water/Steam”, T2) 
w3 = w_Tphi(T3,phi3,p3) 
h3 = ha_Tw(T3,w3) 
w4 = w_Tphi(T4,phi4,p4) 
h4 = ha_Tw(T4,w4) 

mdota3 = mdota4 

mdotl + w3 ’ mdota3 - mdot2 + w4 * mdota4 
0 - mdota3 * h3 + mdotl * hi - mdota4 * h4 - 
mdot 2 * h 2 

mdota ~ mdota3 ‘ 3600 // Ib/h 


IT Results for T? = 80T 

© 3 = 0.006503 lb(v)/lb(a) 

©4 = 0.04265 lb(v)/lb(a) 

m =135.3 Ib/s 
2 

m = 4.72E5 Ib/h 
a 



• I 'l l I p *r p | 

60 65 70 75 80 85 90 

T2 (T) 


To acltiei/* n-iort Coolthy C fowe« r 4 c*npt/ralui'<. fixi-fma -fiuL i&uocr) t 

r&iaires mcre&.5£c( <xir -ftou> ; ac e^p&xJ-eA. 
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Problem 12-106 continued 


fT Code 

T1 = 100 // & F 
AVI = 200 // gal/min 
T2 = 80 // *F 
T3- 80 // °F 
Twb3 = 60 If °F 
T4 s 90 // °F 
phi4 - 0.9 
T5 = 80 // *F 
p = 14.696 // lbf/in 3 


h3 = ha_Tw{T3,w3) 
w4 = w_Tphi(T4,phi4 p p) 
h4 - ha^Tw(T4,vv4) 

h5 = hsat_Px(”Waler/Steann” ( psat5 P 0) 
psatS = PsatJT('VVater/Steam p \ T5) 

mdotS - mdota " (w4 - w3) 

mdoll = AVI * 0.13368 / vl // ib/min 

0 = mdola * (h3 ~ h4) + mdotS * h5 + mdotl * (hi - h2) 

IT Results for TV - 80 3 F 


hi = hsat_Px( l Water/Steam 1 \ psatl. 0) 
psatl = PsatJT‘( >, Watei7$team ,, p Tl) 
vi = vsat_Px( M Water;steann r, p psatl, 0} 
h2 = hsa^PxCWater/Steam 1 *, psat2, 0) 
psat2 = Psat_T("Waief/Steam n f T2) 
w3 = w_TTwb(T3 P Twb3 P p) 


003 = 0.006453 lb(v)/lb(a) 
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Problem 13-19 continued 

U>) t\e cUU. -far- plot- are. eb-WiW uit'tvj IT, as {o U,otos •. 

/T Code 
T = 70 // *F 

AF = 15 // kg (air) / kg(fuel) 

alpha = AF * (28.05 / 28 97) / 4.76 

pctXS = ((alpha - 3) / 3) * 100 

ndry = 2 + (alpha - 3) + alpha * 3.76 

pv = P sat_T('Water/Ste am". T) 

pv = (nv / (nv + ndry)) * 14.696 

mcond = (2 - nv) ’ 18.02 // lb(water) / Ibmol(fuel) 


IT Results for AF - 15, T - 70‘F 

a = 3.051 

% excess air = 1.706 % 

n C ry = 13.52 lbmol(dry prod.)/ Ibmol(fuel) 

p* = 0.3632 Ibf/in. 1 

n v 0.3427 lbmol(water vap.)/lbmol(fuel) 
rrteooo = 29.86 lb(water)/lbmol(fuel) 


ptoT: 



(more. aC**), -Hi are. Is move l ’elry M ^ fW (pro-Au^fe. 3 ^ tf-.Li,) 
We. tVc-dt w v v\AA^rV M 4 Creose aA loell. tUm 5, tor fOce^T ttaje is U£*<, ^ 
Ocn^UA|sAfeL“(ov'iv\e^ At mer«Ai«5. For CixtA A-F ^CColiMj 4o lower doiiuej 
fef - T CJXxxa&s, c<r»v^tu.&o^c 1© be {axt^cJL i <jts e-jcpecPai- 
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|d /ooujM ■ 4 f-ue/ iw-CifU^-Tt mji'4-U a Ic-M-oum v*\kss XiM-Lysis ft bu,r*ed 

t«h\ple|eUj uii+H excess aiv~ a{- o. Specified 4e.iwp«va.fa»e tU<J, c«Ufi>e kuwilta. 

( a > D-obevmivit fUc fi'JHWA Ick4 Uih< iroca»• ktm cemposi-Wove ^ > <o(-Hv 

-Httf S^We C&irkan* ktjtit'egeM ratio <m cc kcclc &$ fUs mixture. 

(b) If 'pt'O A’ClC.fS <XYC COol 44 t>€lolO flcCt T < 1 .€.US potVv 4 ^c(<."f<’A'IY>f»\£ ■ft'fi. 

cxvyto ot uj^cfoir Vd^of condensed,. 

SCM EMATtC $ 6 WFJO t>M~A : 

4 J » 0< ^ C*f4,s , *o'/„ C„> W TX ^ 

CotJiw^ d" |a^ 

jateous product 
r < *imxuVi 


4wd 

taiV^wcJ 


/ O^/o 



i 


< ^T^<MdK J TUr-* 


CoV\*<Oa^ c4c 



^ sW<L 

( p{- uj«i^ Vtttor 

Vyin Wot n 
fy(*5*c) 


AvajJ pf lp|Or 


2 5 *£ f J <jj - €>, & 

ejog ^ e e r ^ G - 

WAOOg^: Oi 3-76 6-mo I *f M ^ ^Ctovupcti^ij £.*ch kim^l of O^Iva fw C^vr . C^O T^eN*. 
o,m.c 1 it* fki j^ppUj amt rt.re tuc-H-. C3> T>i£ Air aaa^ pro^Lud-s ^oo+k madded 

« ’ideA.1 jai WAix'UtVAs . 

loo o4 W^eud 
^l(k$ ) M- v k; ***; /K; 
c «U l8 : 40 ll4 0.35<?4 

Cic.f<-w> : bo !42- 0.4115 

tW$, 100 l<^ ot We-l, -fUere. ace 4W -foOoun^j tfuvteiu>4< *f C o**.A H, resf«c(VveUj 
C: [ D ** 0< l k*wlA 9 ll l *^[|’ "] f [ 0 .42i 5 r][lo'] = 7.0322. fcrMol C*> 

H : [o^So^lL^l +■ [o,^22slC^2,] =: 15 ,U k^ol t*0 

"(Vfi. U C^tfW&l&U't k^ckfOCAV'bcrj^ CO <5> S L 4 iota t£ 


'■7,0322- ^fS-W 


(A) 


tk) ^oiAApUl^ cowtaij-I da to{H\^eoTTfr+ic^l avv\ou^ 4 ^>f air H dcrscv\(sc^ 

(5.350^ C 5 W, 6 4- 0.4215 C, 0 M t *) + ^+u (0^3.76 Wx.)-> 7. O32ZC0^t7.005^0+ ^3.1fr,^ 

-7.03ZZ^ Z^££ = lo.^iS 
Con*pieh <UmituiK<»v< i**i+U, /o®/» ^XCcss is -ftte-n 

C^.35-o9 C 4 ^, 8 7- 0.723 5C )o ^O^I2.O2By^Ox.+-3,76Aj,.) 

—V7.0322C0 1 +-7.e(?S^.O7-/,<i4 35<5 t f-4S. 227 
^sf^r M <!Kf ^ ^no,s+ ak miWuiv (fcf ^5^, IftKt ,*» 6o% ,V nkt'cl, is 

!2' 02.S5" C‘4-'Tt» 1 - 57.2 St kryusj of <irij (mv IcytLci of Wdt-fev vc^ey*. 71\ji 

J’O.v+uU pnjfturt of ttj«.fev- v^or |!s 


CO 


fv " C-~“-) p * (—— - • V/.0t32S boiK-) 

v r V+ 4 'v M *-57.2y6-f-H((' 7 




r^(2.S°C) ■= 0.% (O.blW) - 0.02535 CollecftK^ i^iU-lfe 

O.OX.S* 5 =^_^___y J , c> , JJ . I> „ V = ( . +M3 k«..l 

Continued on next slide 
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Problem 13-26 continued 

UJUitw iAic«.iev" it ik +Uc coaiv", £5.0) rscxds 

(e. 3 Sc<i t t>Aiis c l 0 y xx ) + n.ozBs 7tw v ) + 1.4^3 

* 7,0322 C0,>4,7743 4ftO + l.OQZS 0^_+ 45.121 

Accrvt ode.\ mfro<iw.<e«( m +i\g gaseous prodw.c 4 s *£.nuuVt)Vtf 

offor +ke proaMcfe k«u/e. bw cool&J fo ts»c wuU oth+cc^ s*fu,r*W u«w4ev- J 

Vofioir «,+ % 5 C C . r«, fke (ptXrf»'<c/ pntssur* of fka water- /«*por ik fkut 

twWK^re tOOuXct (oe p t ,C 2 S« > c'y - 0.03 lfc«\ l -av'~, Tkft rpMAW pressure. ,'s 
e-c^VS^ as J * 1 


"*^*W 

1 /jWw - T .03 22 + L0*1 *3 5 + 4 ~ 5 5.353. *rCc^ r^vi^ Lj jnnv\ C 

0 0i '^ = C 7 s^ 


<») 


Sikf € Atere Is 9*2743 U^l <4 H^o per 100 «4 tW »V 4W yrcxluc+s, 4k«. 

Awtouj^- <4 uoM-Gt- fWV covyfiA**rs J s 9.7.74 3- f *7 22-5" = 7. 55 / 8 <r#J 0 ) 

per foo Juj of fw«4. Ttoui 


wi 


ctrw4. 


T-55I& 


k»*»l (l-Uk) | fiS.oz ^ (u^o) 

loo l l CfK®) 


M.Jbl !f 

k^ £ 


CM 
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PROBLEM >3.2-1 

IQJOuW ' triers Con,ten(\(M c. a.t «v r«t* S l\> f h cim c/ #4^ n f 

^ * f ^ Am- e 'i ^ t SrS^F/ A h-rc. f ^ <>/* 

7S<^%^. 

f - Of ^,'^i rflf /jf fnt 10 ^ f*<rt>r ^ 6 C4 f Arr~ i-^ 1 -e c/*- 

'ZCh-ima t<c y, D/\"r>\ 


Wi © J 

" Ctflm IpU'lh !?h 

<C Wb t*\ (p e r _ 

j 1 

"S ifcf/b 

f 

1 

A.r- © 

1 



Ut*A 







tAV’l 5 7S(^/m; « 

E<06f k )£E/gfA) fc >V>0 P€l-^) 3.7k moJa of N», £CC©*vtpc«y m^/*- -f ^a. ' ^ 

A W r „ AJa- 77* 1 rl t» r J “f ^ i ^ f i $1 (t ) ~ThZ Otr f AH k>? ^ c/ (U a ** 

.*'<4**1 

A A L-'f f* ^ * Tb*, pzftgn t <s*r ^a ^ fc> * fv^w fyow^ 


% ibtO «iV “ ^ ^r) y ,oO 

(AF)tv fc# 

PVv -jh<, co«-|)i« f«? C Ciu *i ujf i »*" «7 t**' + L» +t*j, fKee/-< h * ►*—e >/« i 

fS.+ + HtO+ ' 

So^ {AF}-j* H £g: 2.30 


<0 


fh r ■+ ^ Ctc h/ + f S'* a cti 0 n J + *w 

^31' Stouts <r^ f^ 

atr ij 

• . ^A'A). (& 's\ p '- _ 

(75)^ 

{g 0 w^iA 

v " A,e -' ^ 0?A»y£ 

vesktiSii*'#*- 

i ^ j 


lb fa-‘H 

-32.7.11—“ 


T^r 


327.73. IbtW/A , c r (bla-‘ f 
h = S-lbf/wJ/A ~ M<V. 


(b(A» f ) 

tu<v*0 


crvv ^ vwfcv - b*iS>^ 


M.S 7 


___ _. ib(* ir i r a.°'» 

AF ~ ^'^Ihl&Ii )lb ((MA^ (air} J 

Lb^&l (&■ i r ) 


R f fz fv^ r*>% VS.J ti ( f ) 

fe fUe, «.,- =• (■5^)( <0 °) “ 


% 4\eo.aV 
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13.2 s 


y CO lf CO f dW 


) 4 


[CMo^N ; knjK^l U-> /-Jt^ © O °/^t -f lS‘C—^ *%. ■ k- 

• 

F r^Q ' t*) -V^-t 4. l 4 ^c K ^ ■fi v^j C^) A F ^ ec 

Cn^*E^^ r H j c/^ ■E t -* p ^~o du c+l ® 1 a <3^. i *, I- ^ -fl J j " J . 

£|Q61IM£E^gf M 0-' MC? D£ L > £,1t> fhGte* i> f Nt aetc^pt*^ e^cU ''h&l* ®-P H\g> ft 

awjt !& iirtev-4-. 

AV*LTS<iU AC^ t i' C^iurfr^ 4 / C +!,« •#**..* #, W 

U d # £l*- , W d ^ ^| 

C. -+■ ( 0-^-f- 3*7t CO^-t* 1‘74 

TKu(| I^t,^l#^ i front W|K S«>%, *t kfcflf* +VC #-f Air tfc pr*iu{£ ^L| CO^ find ^ ^ |'J 

c-v 0. SO( Ok + VKUO *, co t + b Cc + <P'?©K3*7b>t 

C: t * ** +b -±> but-fls, 

o C^vc^fi.) - ti'+b i-{j — t.^ + tf-<) a - ^ b ^ (0, if 

Acco^ii kj lij ^ fkt ^ rt*tA e ^ h'tti^ t l i 

c ■+ o-ioiK-n-ic.Hi') -»» o.fceo L t°-4co +^,ooa _ 

th) "T v * air fut | if-a.h'B i t 

a? = o.f©(*" 70// = 3-eae. m c«>>)/*.«*(r/*«u 

. n-"L, 

Ar. *(%). C^Ytet?)- ™ -- 

<?■) T 1 *-* -fCj ^ 

% c©„ = 0,Cg .)t«> iy%J % CO- =r (6°/ 0j */i m 2 s 7r% — 

V ^,00^ ' <4,00? 


Ml 


OO 


Cc) 
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-U~ e 9 tlf n M aJ 

[^ , J 

P_f_^_C> ■- U 4 W^rtl»l ■o'-t^od ^Chft, «fu'f)'*u. O) AFj Cc*) -K* «^t,7 

*1+^ <T^ cUr^j i^oUr b*j,' r . 

ETf^£ { frj gE j£ [ ^ G- AA iS ^ ^ L ■ ^ n iff fc'Vi G S ^ £ ef & CL o irH wu 6*cU itHo of 0^ ifa 4^ c 

O^AM x fsmer+ + J 

^uftuys i^, (fjco n^tl t tfl'v.i pf km (4 r h j rt ... i +L ^j.i 11 . t . f , v. 

T- 1 7 -tivf AU-(|,J tff i?<> fJ 

de;cn 

c s t- s to* ■+?■■£, M».) -> j fo v + 4w L tj *• iff.? 

C»«~iiwiVft^ 0o% « f. -(Ue*rt K‘i.i l *- ,’ t -i-i,*^ 


CjU^ +4 fo*. H !■■>(» w t ) ->> y Ce t -*yCo+i Hj,0 + (5C+M). 

C: ^-V-ty ■£) ij - j. * 

K i j - r 12 =>**.+ 

O ’. 6 B. Sn *y 4 4 4 v »# 4 U-n ) -£> X e l j ij s. V 

►j l>^ 

+ a (o l 4 ->» c.o t + ice - 4.4 4*,o + 


Af= AFf^ij; ftV4.7t.)^ -iy7 J = (TL.TI 

TV* o^ U v>t ®4 ^ r4 ] P*r i^it+ *4 II n 4fy- I -+t*t l^.d 4 i 

Quulyif fl( p^pdufcts o* *, 4r^ WjfM fj 


<*} 


<y.o4. Tkut^+fc*. 

A 


“) 


w* 


|»‘04 


0.0SJ4 cs^ ^f9^)^ v= 


—^./toi C ||0, l 1H* * o-m7fs* 3 ?£) 

f»04 1 (f.o4 ' 
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Prec&teM ib. 3 o 


KMOuVAO : bM/VrtS uoi+k d/fi^u.vr'- TW molar «.vn»- 0 ^Vii el 'fta prod^ds 

it g Cv<m . 

p\Mb ‘. 2ut4«.vrm i Vic i&j ~H/ie loalavice^ r^ocKoK c^uaUou j ( 7 .) -Hie. pcrdewrt- 

-H^core+ic*^l <Xvr } Cc)4u« deuj poi** +evu|>ev'a>k^«‘e t>4 -+U« orocUxo+s of i ofm. 
ElM 6 ^&Efti^& Mpb€.L ‘.CO B.Tfc rviolcs a-f N^ accorwpaiuj eaX-U mole of C^. iu 'Hie «ir. 
(ziiiieN^ is inevh 03} Tlie comb ks+lok "prccWcfs are wod-eAed as ah- 
id^oJ. ^as rv\'u* Kwr-e. 

A^OAvH^l^> l Cal fediomicA^ 4&a. ruzo-c-klru ~f<v d lomel of kexa/we 

C, j4 l4 +■ <* C0 v +3.7fe k),) -* |2>(0.0&S CO,* (9.0J2COV 0.03 ©*■+ o.ei3^ 

^ 1 -+- 0f 4*0 


C : k = 


^(o.e&s+O.ftS^ =$> = 43.74k 


Hy, j_4 a y- ^ y = -7 


© 


iW 


N^_; <* (3.1(0 = ^(o.S33) o/ = 1.103 

^ -< lnD3 (0^+3 .14 N*,") —► 3 .T2.3 C-Oj-t- 2.2 77 ^0 + l .314 0^+ U.482 H z -f 7/40 


tdlcyncof 

e^U<yfar7\ 

— 


CbJ€Df^Vi ccU C/rrvibu^Vun^ + 7 

%-Hteor«KaJ &wr = C~ ) >rioo =( < t 7 o%,- 5 ) *'°° ~ loz.t c / 0 + 


*/* 4li£.0. 

—ajuc 


(C) CerviSid-cr inj 'fUz Cxrrri b pr'od-u.ofs, +l*je. 4o4cJf camber of 1 Yvicles. fe 50. 746 tmoj. 

“TUc. ■fr fl - c ^ L <? Y '' o+ ur«4eA. Vt*par is 

U v = —— -O.i37 g ^ Py. ={o.iJi8)Ci,oirzs beu-) = o.i^b tx^r 

S0.74fc V- u 

From d a. 4 *. i n T'AfjJ'e A - 3 j "^leo ^ 52 . 4 B C 4 ^ DP 

^ (o.oB5 4, £,. 052/2 + 0 . 03 )+ '6j^ 

=4> <* -•?.{<> 7 5 

"TW «kifer«woe b^4w*en_ 4Uks nu,mb«v Cuvul<. -Hut. valuA caXcuXcufe^ above »,$ 
e.^periHievt/fai evror A/nd rouvul- o Pf, 
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PjeOGL£M 13.31 

MJouvw: Tk» p^cUctx of co^w+i^ "-f CgH, 7 A<Jt* ^ f,/4^.V,- 

*-7% Co VJ 0-3%^ 3 . / -3 7%/V a . ;0 .j^CH4.' 7 ?8./%U 

F’/'^D : Ti-^Wfr-wv^j. [ -e,^c_* r ^ K^d X i ‘ 

g/oGr/uCcfcfMG- iVt o De c * 3<"r& motes *-f *^ 2 . tftcowipany eoefi mc/e of t.-j -ft**.* 4<v ; r3 W ^ ^ 

[* S i 

ApAlYfij : C*. f c f ^1 fa 0V^ ^0£> £r/ ^ r y t7 

<* C|rt, 7 f (Uo v <-3-7tW t ) ->> *.T«0,. ■* »•** C6+0-3O t ,*3.7Hi-»-o-3CMy +-7?.» w t + T K * D 


© 


c: 8 * = ?.7-t 8.“?+0.3 ^ »<.' 2 .Z 3 7J- 

H: 170-1370: ** "♦•■'Ids 

H^; 1.U/J.'7»-I y? fflO -»7i3 

CMecfc > ( 

O: frXao*i7is) 'i (%,-j )(t) + V.* i- ^■7«<S8 

4is* l 4hkZ 

tv^ f^uJS °-* r ' r ^Ko uj FA — ■z.zs^r _ p, o t-UC=> 

£2e ??i3)(*.'ft0 *=■“-<« ZA4VJ 

"T >»—• a-oac-H*^. ^7 o a “K ^^* v “ C«kv4veh'i*' tfc»"i4v.+^A_ 1 no 

£X t^~0 "j O. l *-» 

t g H n + 04.00,.+ 3■%Ul'l ^ (? OO t -t U - V+iXi ■+■ ?-7C* Mj. 

c ■ ft = |3 

H •. !=? - *• *i «-*•** 

0 , jot-- 2 -fi~ i = it + S-!T ; n.xr 

_ „ . /V A \ -!- = 0 - 01 "7 I IP C^ t) 

[ &*ir /wVo c<> Lrr^H^® - (jjj.Zfy ^7t) t^-Tc^'rJ 


© 


^o* sj 


[*iac/ Ta-I-v'o; 


C ^vV-tUnCf 
c<v-Kd 



FA 

(fA-)4Uo 


p, ozzk 

o-Qi^r t 


131 


I. * U/Ui ^ ^ cXojuujl <£^/V L cJbjL'd. 4 

^ # ""fVji aj^cWi'O'X *-^o f ^v\ +*■ F * f -1 -* f ’C . 
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7>eo6I 3.-52. 

I&moiqa) A by cWvc(t'i r \>&7\ ifcprestiAj^J'ois burnt k>ibU d.r\j 'Tke.otru rnc\oY~ 

analysis *f ~fhe prodUxebs ic ^iven.. J 

RnP. : P-^bCirrvuV>€. <ur--ku£ rata© <vu a fa) m<siar ImuiA ch) tviass basis 

J ' 

EhKg)Kjgeg)M (r fHosei : 0) 3.7b y vvo)es e-t W 3 cdc.it mcfe ©f in Awe**-. 

([Z.] Tba. is inetr+jC3) ^SSU*vi€ l€>0 Itmel *>-p p^&cLu.c^f ^a-S. 

AfVAtys (s ; Fjfsf, otbjUM 4-be. baKwceJ reacfi^e^^ta^ . 

^ ^b ’*'° < f°J.+ - 3 <7b Wj.") -V Jf.O CO x + O.s CO + ZcHf-f J.5^ + b 0 t + T? Wa. 

+ yH*.0 

fi: 0. s 11,0+ 0,5 +-2. = 13.5 
Hi bsCz-)Cif)+Ct.'S)cz)+(i)y 
fj,: ^ f3.lt) s Tt =i> o< = "2J .0 I 


G> : -2.1 ,oi “ u.o -i- ^2? 

7 - 2 -, 

Wi4UT-1.57; b=2-fc.«94 


•F fc + £ -V y =7.5Z 

'S- 



*" ivs 

C«) 

A? 

0» 

AF • 


-V It Co^-f- O.s CO+ + O z t1^W z 4- 7.-S2 ti^C 

C-2.I.O l ■) C4.7fc> 

- - 2 lOO^----- 


AF 


O) 


o» af ~ (too jg^i-r,) 

^ U-m^l -U^t ' 


U-8A 7) 


0*5 /<mvw>/) 


dM* 


^CI3,S')C12.0I>+ 04)0.053)] (^/Lc^)LvxJl 

= / s,?£^_ 


4F 
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13.33 


WOouiM’, C i0 U^ bu-v-ws ujI-Hs c t'S% *4 4Uco^«.4-tt«.l wtVj pnsdlucm^ Gei.co.^o^i . 
JPiMb*. De+ev'vmVxe. (*0 A-F, Cb)+Ue avu».UjSi4 t>f+We produces Ov% a. dry 
£k)X»IMSEglKJG- 3 .“? fc> <'vv©Je ©4- <ccdf>\p &vvi^ e,A.fl-U mo/e 4+ 0 ^_ ik 

~H»s co>v~, <xvj Mi t's mer-f. 

/ »fVJ /fr L-Y T t<T .* Vi’ujf , + ^+^ 1 V'" £*-JL 

(kv^-QiJvJ^ £| Air U k) 

CioHit-t o<( 0 i-* - 3.T4.A J t .)y^ Co i + 5fHiO 3.7-t^^t 

cv io-- f2 

h•. xuii y-1 1 

0 - . r £,C\i~t-Q\Y- 1 j ®* s '"T'-T 

Covw4^sW^ wjf-fw q ^ u / 0 ^ -fl^os-c h' t—* AiV U 

C, o Mi j, •+• W- 72 .r (^x- 4 - 3 f&A» t J —*> °l ^>-z.+ £ <-0 •+■ IS W 2 ,o 55 .36b M-z. 

C •. 10 -- «■** f* ; (3 - l*“ ^ 

H '• *2.7, - "2- Y ) K =- M 

0 = &H -nr>') = + °°-* 11 ^ w = t ' s ' r 

b>.U^u 4 ^1/^hVn' V<^~ 


c {0 <itL+ i v j-izr( fl x 


3.9-c.Nx") -* ? 4r coV.-* J.S5 to411 M„c +- 5sr.3fcfc^t 


o') 



l4.T2£C^4) * 70.0^ 

I 




(h ^ T ^ *-'—0 v ^ d-r ^ 


iv t/K 




^ Hr h i.yr +ST.JU- 




1 ■ 

e*n.» i.fti . S' *£ ^ 

^ An ' 


J U U - n- 12.*! 
tv-iu 

01*%) 

^ Co - 

i-sr _ o oiH 

U-v%) 

c.r.He 

CSH1%) 

- 

< ST.3(> U . 6-H?- 

y V 

0>f. }(?b 



Gr.iLL 
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PROBLEM E3*34 


bum? «-m/ 4 Ls 4-t> -4^*^ y*-^oi^c,+t ^ P ‘ 

fk'^co, tv, C S/ ?r%o tJ ?4.r%^4 

■--' -ht-vort^'c^ cur, Cfcj i 


.' tk +U. i-r ^ 


l -*^ fcl f J £*>J r ‘ *! -f- 4^1^“^ €r#fu/^ 


woLei 1 . 


^ ^7r “r 4Mh ^ ^ 

* ^ J -n(?f t * V 


An«ur t n ;fr) 0vt fcA i(S /^ too *Lr .j p^ io c+i, +1~ c *■■ »v, ^ 

o- C^,U, 0 _v lo ( C^ -t ’1- 7fc II <?» t ■* l it) +3,ro l + p^,r +C. Ho 

C l h 4 &, - -v 1^, *x ~ ^ 

ft-, Qdt9^ r i i j C - 
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Problem 13-44 continued 
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Problem 13-47 continued 
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'■ aA i5 fl c j l <\Vw\ ewA'Cv'S &* r^acVor bttrvvs ^vw^& kfeU- u>ift*, 
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£im V» AW ndtaWfic f-^Uxwve Vt^Yef^Wt vev'sws x 4orC^) tfcA Lft c\a+jJ 

*o tg^, a) * 

Schematic y. &we*j bArA: 
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Problem 13-64 continued 

ru dah^ W +Ue- aag. o^txuW wi| uj it, a* 

ITC ode 

T= 25 + 273.15 //K 
x = 1 

PCT = x " 100 
Parf fa; 

0 = - hC02„3 - x * h02_3 - (1 +x) * 3.76 * HN2 _3 
tiC02 3 = h„T( ,l C02 ,, ,Tp) 
h02„3 = h T('’02 - , Tp) 
hN2_3 = h_T{'N2Tp) 

Re$u£ for x = 100% : Tp = 1507 K 

Part (b) 

0 = - hH20_3 - (x/2) * h02_3 - ((1 +x) f 2) * 3.76 ‘ hN2 3 
hH20_3 = h_T("H20 , 'Jp) 
h02_3 = h Tr02''Tp) 
bN2_3 = h_T("N2",Tp) 

Result for x = 100% : Tp = 1647 K part (b) 

Part (o) 

0 = hC8H18_1 - 8 ■ hC02_3 - 9 * hH20_3 -12.5 * x* h02JJ - 12,5 “ (1+x) * 3,76 * PN2_3 
hC8Hl6J =-249910 //Table A-25 
hC02_3 “ hJT( ,, C02",Tp) 

PH20„3 = h_T("H20",Tp) 
h02_3 = h_T{"02",Tp) 

JiN2_3 = h„TC'N2 M Jp} 

Result for x - 100% : Tp - 1507 K part(c) 


Plots \ 



% excess air 


Tke. \n 4 W [oiocvik* 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




pe.oGL.eM 


K bo 

P * D t 


** *S*V -h " ■C.«-Ur t *„ ,- nfVk t 0 U<l resth^ b*-** 

Ui+K apV c m 4^-Wj C^jt ZS^Cjr t+i^- 

P lo+ «r^-» +*LC *. icj* h*«- f* <~^* * ,-* *-e 

A “'~ v***jji«j -fr*v_ loa t 4s<j% 


Sc*i S W^Tft* S <^t^?A>0AT^: 



<*Vl> 1 

l-NT 

^ca?:Am- Z 
l^C, UW 

EA)£ nUJ= £2fu£ 

M &*<& St- i t 1 ) Ctf v\ +v-p l VP l O' 5 C-o M*/W\ I* ^ IjOVJt l' f A ■+* S f** *L_j 

. fi ) <TV- +v- Vtlv^Uuj Wcv-o^, ai t(/ 

»^»th *'« ^<-*\Li^, b-C, ■ /■? ) do (• V 1 h V*' vj CarvA-^XjoX-t , ^ ? C ^-9 /*o 

| ^ c i « 0\. u-L a 1 r* Px t, i *v<*rt * ~r t^-CL^ 

Cov^Ut Hffh a,t r <U w m C* n ^ t-c K*c, <iJb W <*0 f rj j t i 

A ^ AU VS| S , c <j ^I? v t h cm ^ C'J )4g u>■ ^ io. Hr*"-^K c*Jl am>iv^ a i r- k *U i c t'■ bi J ^ 

CjH^y + s[ r 0 1 +3 ' 7 ^l —* "3 ca r * <■ H t O-t Gf IH-Vt) 

Plt> ft 4^Mr< W m-D *| * ■ ■" 

C 3 I+ 9 * < »«C.Oy* 3-')4 f '«1 -* J fo ».-*- 4 l, jO -(■ 3(H-I>0, f '8 S « *°». 

A t-\ A-4^C* ^ *^-* " ** t ' , —* *<-* J C*-j W i t 1 ~ t^ ^ A,? f U "K d%b* tt ^ 

4 ' 

O'- (jvf) c H „ — 3 L V W»]c. k . ^£>f*-^u] H^u" Stw-oL'* 1 ' l»i~ 


I ^ H J. (l) 


ffr" 


6- w f Vj.-4 a - ^ L "tj + UtO - u ] t , t - 4 C* ktXi ) - ^ tMV 0 “io 

- TO-.^ kU,) - - lt.»>X -MZ1f)X 

*'’ n...it..^^ l ®«'M lT! ) = &'i')<,-< -■Jiii- iam ^v 

- A £ — U t1M\3wt<> +■ 

‘>(*-*')"kO < ?U -t<S 'E>' 

u,. <rV. , cU^» *jfc> tvU<. 4.*.u. »vs«S (fc*'f)c i fr«^ H*vu A -lS 

“5 U C«, ("la ) -* •*• b MuP tTiV^r^-i)u^f5)+ it-i^wlT,) f- io^^su-? -^-ifc+3 

- aC' 5.^‘< f x<> - ^‘» c, ^3 - 

cXta-i^ri)-i?-?K fr<^’) 


3*WM + < ’'‘'% 0 ('T 3 )+ nH..)3,o^Tj) ^ttU^MjL*Ti)» 3, m, fe <»? + 43 / 4<D^-'H 

Smwpig.CflJcAtxfi»\ ■ Us<<viT*JA> pi-z'S A«.+t*-f*v* +U4 c*»a- n-t.^ u->^ ^ "7^ - 

TUe. da^ pU>+ a/re O^Ww. ti usin^ n~ } as. fo lUiws *. 

Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 




















Problem 13-65 continued 

IT Code 


n = 120 If % theoretical air 

0 = hfo_C3H8 - 3 * hG02_3 - 4 ' hH20_3 - 5*(n/1Q0 -1)' h02_3 - 18,8 ' n/100 ‘ hN2_3 

hfo_G3H8 = -103850 II Table A-25 

hC02 3 = h T(“C02", T3) 

hH20_3 = h_T("H20".T3) 

h02_3 = h_Tf02 H ,T3) 

hN2_3 - h_T("N2",T3) 

IT Result for n = 120% 

T 3 = 2124 K 


?tor: 



"TW. Avr WJ-* 4o v^ujire o^J, 'Hus pi'o-<iuc-b> J tou/evi^ 4ki 
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Problem 13-67 continued 

IT Code 

T1 = 25 + 273.15 // K 
x = 200 // % theoretical air 

0 = hCH4_1 - (hC02_3 + 2 * hH20_3 + 2 * (x/100 -1) * h02_3 + 7.52 * x/100 * tiN2_3) 

hCH4_1 = h_T("CH4",T1) 

hC02_3 = h_T("C02",T3) 

hH20_3 = h_T("H20",T3) 

h02_3 = h T("02",T3) 

hN2_3 = h_T( ,, N2“,T3) 


/T Resuits for x - 200% 

T 3 = 1481 K 


Plot '■ 
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The ey-ces* (tir lecut to vwore O^cuaJI kIj. \i* tW products , "fUefeUj lowermj 
-KrtA.perVd.tocfA. 4 . 
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IT Code 

T1 = 77 // *F 
12 = 400 // *F 
T = 1400 // °F 

0 = hCH4_1 + 2 *x*(h02_2 + 3.76 * hN2 2) ■ 

(hC02_3 + 2 * hH20_3 + 2*(X - 1)*h02_3 + 7.52*x*hN2_3) 
hCH4_1 = h_T("CH4",T1) 
h02_2 = h_T( ,, 02 ,, .T2) 
hN2_2 = h_T( M N2 H ,T2) 
hCG2_3 = h_T("C02 ,, ,T) 
hH20_3 = h_T("H20 n ,T) 
h02 3 = h Tf02".T) 
hN23 = h“T(”N2-',T) 

PCTexcess = (x -1) * 100 

/7~ Results for T = 1400 <> F 

% Excess = 354 .7% 
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Problem 13-72 continued 

3[~(Wfr,?O0 + J + 4-[-*4,04o + C tS‘4i?-+2Jg]J + - J7irj + J8.i« [iiSA - 37Jo J 

* -44,fc8« * [^7-JTiff-Ht.lSn [>'144- 
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PCCgi&M (3.7 2 

fvopiotl . f ’"J * 4w.re ef <jC*s£pw.s zi>o 0 l 0 ©f -ffocrefc*.! oj/f i •d" AS’fc, 
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0 ~ C & u eo-J - < 1 a HvO ■*• l2 -S ^+44 «,j„V£ * CgMl8 4 2-5 Uo^+^4 
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O ~(& + l2.5+«(4)reT 

_ _ 4-<:(+AS4-14)ET, 

3^-|t6£Ia^CiU^ ^ ~ UjJ, +^iU J Kx>kA*^ K^^-D 4®T" KJ ^ 

o = S [Tv + -U(.'/ft4>l [tv. -t-'UCr^S -Ti( wi«>T, + 12.5 f Ktr,>-Zf■«>TL 

L °^ ^ H^DCa) j 0i 
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= 5^906,240 

© Solviw^ ffevcukVcU) -fUr- T tj ^2 16,5°) K. ■+ --^ Tz - 

Us«w<j •Ht® ule<4 3 a S e-^wft-i-wv, of sWt 
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Problem 13-73 continued 
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{ Hi ,Co^( 

l «i"»w 


ur if ftf J ^ ^ t* ft 


Tv a 4 i^s 


C.O 4- Hj,0 —^ C£/ z 
U u ie ] R - 

(D i is Solved u.stw'j lT ( «s 4©Uo*os: 

Tin = 400 // K 


C - -+ [ k -+■ 

^Y\«* sQ 


c i> 


hCO in = h T("C0",Tin) 
hH20 in * h T("H20'\Tin) 
hH2 out = h_T('H2",Tp) 
hC02 out = h T("C02",Tp) 


IT rffiuL-f : T p = 922.5 K ^ _ r p 


0 = hCOJn + hH20„in - hH2_out - hC02_out 
Pou>, avvewlro^ b«Xa,vi£e f<.dMccs -to 

+ ^co + s HiA(k> ~ + ^v/w. 


5 COi f fi Mi 


S Co “ S H l0t V> 


U) 


l rt 4er*v\s©? 4fcw>pfr’r«.U»./«.s <wA presstAves 

■* -*■ / 

f Vv tB ^P I PtOj. -*4.+^ *■ V <T P*V-^0 " ^Cci^ i *CO .in ^ _ J ^WjOfvl . in 'j 

Wl+iv VT sCO_in = s_TP("CO",Tin t pCOJi\) 

sH20 in = s TP("H20“.Tin.pH20 in) 
sC02 out = s_TP(* , C02 ,, ,Tp,pC02_out) 
sH2_out = s_TP("H2",Tp,p H2_out) 


sigmadot = sC02_out + sH2_out - sCOJn * sH20_in 
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Problem 13-78 continued 


(<\) Tine CO a/vul cW vs , <?aek oJt 4©oie, iaf** * t.oi3i5 1 om-. 

pCOitoc-ts ^M-V *5 «.va wled 36.V iMuxlufe a-f ‘UZ.Sk, /.©ms ttw t wiVk H»e 
molar av-vuUjds. ^ s ^ COx * 0.5 . TkuSjwit-k IT: 


pCO_in = 1.01325 
pH20Jn = 1.01325 

pC02 out = 05* 1.01325 
pH2_out = 0.5 * 1.01325 

UvttJL result ti: CT cv /»«, = 35.29 kj/kmol (CO) K ^ ___C®1 


(b) T* 4lus cuse, +ke 
lWs t \T -■ 


CO «/w-i3. U^oiv') tw-kv us a. kwnc. wl-Hv i u =o 

J Co 4 


pCO_in = 0.5* 1.01325 
pH20_in = 0.5 * 1.01325 

o/*U -We r«svlt U • d w /« w = 23.77 kJ/kmol{CO) K ^_ CtO 


*PltCUtS|frK. TKs e.»4v-T-p^ piT)iu( /> u n r*U >— C(IK (fc) » /ft J 
|?v io-< c 1-^ ia^-y r e I a I rr t'dty Aw a*\ 44 P* - * C^f- u 

4 ?ia 4*v*r c far . ( a ) ^ -('U. r c frjr ^ -fa-*— 

f^oc 4 tJV“ 4 ^ J ">t-J “f i^, #. ^ Q C teuw^, 4hi|, ^« /re /» ^ d w 

oa.+U -VUU k^r-* iVeei rrr-3, i,/,'4ij r 

I. 0n\<j aw \T SoUuftdw is pfeieukul tare, <ss Tables /^-z 3 do *o-f mtUxle 
dulu -for . "Du+a -ko-r ©a.<* be -f»u-v>.d iu\ +Ua. Suwt source as T«y®!A-23 
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Problem 13-79 continued 
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iM ' x *2*<vm- ft J- W* T „ ( . r -f.„v t* ftMtflft) * ifv.y-j «/*.»,,.* 

“ S-t 

^ p^tli e*.> a.1 * .t IWOIC, 3«i«. *,,-<*<*, Co»-|,„ ) (,- 5 ^ / 

^ /st.nt, i»„ v r /r8.«u / a<L ^ Wre.dij «*»,.-- 


■£i . n«?.»o- f.jisXv ijjnj = aqi .43 icj/<« P (.it 
r s^ill 

c "u>’ *5,„£■*«)- * J-Sftjep. 140-asj - ? <S)H) _ IP/. (,0 *.3/Ki-*MC 

p, *b rtn« 


ioi« zte>.%r ica/tkftij-jc 
-— ’ 


r*m 


*p *- (ru*A - ft (!ii5i]55l * 117^1 k-i/jck.^-jc 

P^^TkW^ A-^ / *£ 7 . 1ST1 - /.S0fe)r C.6HM t3/rj-<, 

^uMKWk*3 ihN 

_ 4 + *(**!.**) 4 i*ifate.fir) r ?V)ii<) " ^VU- ir-^CKfl *L} - HMn(*fV 

KC " H " 4 ^ (*+-*) 

^ a^?.77 + 4 ^ (£*-Sj) 

V\p*M 

* 2**?.7? + A 3 * s *j 

K fu*4 V 

T^-» ^ ftv c^Us^t *bh^*c<L ^ {vov^v j b wt* 43 ij* ^r^>- 

iftjlrutKi^. ti/vtw/*'+t E*^t ^ S:^ ^ =_ tvf^ y-jr^ SVc. G<3 - 


^ C v 


*£e?«7l-h . Vl - 283B-77+ p^4o9 Tf 

*P-u TL* L J L *7^1 


<- 


V‘) 


2&8&7 ? -t 1£_±£ ? 

“Sm 


( 2 ; 


Uj 


© 


M-*- *-*« It*..-. T= 3 73< ■=? 5^* - ^88-77+ ^LL5f?. S‘3 4?, < ) J<2 

^ **-* , .v. . . k ^. 


V^C^. l+K). 


173 


K«^- K 


A^-m-aaX «. tJb l olofcr 1 TjP^SK => Zii. . 2.rSS-77 T 

1 V\c,*io" 74f * 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 








Problem 13-79 continued 
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Problem 13-80 continued 


**»*< tu€ frl At g^.IO Art tv.lu.lt,). 4utl 

fHVtvt *+ ! frdwx 4-257 ' fte,7 kJ/ ich^k, 
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S^-. -R JLJiJ) , 111 nt-t-JW t-t.-r 1 )-- )lJ.4tl*3/K*.»' le 

”TVJ c^HtlOMlKtu preduttS ol *, u*p*furt *. T S&Q tc f |#U ft* ttuysii'^n 
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kj^J^ W ft^r fv .' [i- ^/T*l dtw' > ^ ^ 1 
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Co^leUW uji’Kiflof/o of. h‘ t—i aiV oj 7?°^ /o^v,. P^doc-tr -.+ Uft-, e-* it, 

L£L±- Dt+v«.«* ;) ^ •*-««■ °i, b^, <■•■) e>iw.-/u 

■ / '“* H * <L ^ - J x **"'*j'H ^i'Kmj ***i+U + 1 —<■ ttj ® fc> -p~> *-*Xu O^J— 

A/U-, tooJCX a.L^ ^ re* cSvr; 

SCHEMATIC t gi^g^ Ei a TA : 


——^ ^advch^ 

■+He£.anr — 

77*1= /*f- 

^ ZT'tbbY ^T:. 1 ? 1 :;p"' ^ «*-♦<,«» .,.«*« 

?,?£■. “U.7 7«-» «* ..; ..S"W^ .::*.r^;*;.:sr 

* Aies . I*) T ^‘ # " *"■ *“'7 *< *»d t led ,*e(«*/ 

5 J T« trnroh«»»f ' J *i d*/tn * r d Pa* to I* ^ < 0.64. t r) 7>i«_ 

towtouf*'** *ir- «*f«rj . t +Kc ConiL-h'«» 4 H 

^A^S 'S:C*„ ?lt+t ^ ivthto „ of C»h l w + h I8«V. -f 

^(*ao w ^4 o-f on- ,'f dfftr,^?/ bj^ 

+ 4'5t©x+ 3-“7fr M*) ^<^c?2- + O -* 10^ t H. ?Z Af t 

Tl '* tirft 3**} ,'J *> «J*.t*l*IMI>f. d«*.p«r*W* S f jK< +>*.ik»< p^d utn 

us,^ **<««, at r 

' / o J 

J£> ~J£, ’ 5 <-v t>s^.,..^..*i^ 

T^8»«, UttKj U ^ 4 woKnj +U*^ "tv^ -O ^ ^ 

0= CfciW + t<o -itVpSCM-UniJJe^- r^ + kCU-tm?)),,^ -lUerO-lm??}^ 

or +^LJ ts <L*&yaJnlc A- 2 .££ Mt*.^t£, k C7j } -kO* 

* ^CVl 4 U le ( T J ) -V T.1k 0l _(7i ) 4 Ml h^lT,)* (j+\* t - UCm)] ce , t 

-1>) - a t»7)J ,4 w 4 %.\ % m?0-* 

r ^7jWo - x [-^^j 500 " 4oz^] - 

Cr^4 / o4o-<tr&l + 7 . [mr] * 

[171© 3 - &23Q$to*^ 7j-54^°^ 

<A1 Si^e. fjHL f*^, ( at ^ ( f-io ^,. 3a Cia^vmaj u#.fK b-* -n*4Jl ui 

W(^3 e n . I3.8(p 4H, 

r— _ ^ a*r 

e f,H t - i«U*4.+ RTyJU 

H^(w ie )J 

- C^j^o ■• ir(») - i( 'Ui,fcft/)--i(t.Hf6)(07jj^ [ C ,te ^f) i ,r 

= S42.j4ST SV//fcm*UttuO f-*«sWa. 


■ f*} 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



















Problem 13-105 continued 


<. fa ■) The 

E<|- ii-4? 

O e- r- 


eiLi'K** 
*-f fue V (o^it'c 


p d uc-»r tan* be * Va Ut* ie d ^ 11 " 
■fro^ Ev ! 3 4>l ■ A ctei-d+Ajkj / Lu>k*^ f V pP«Jt^ 


£ C N R T c T ^ 1 JU ae» t ( (,.^. Ji^ yot 1 

rtl® ft*. iV*. j 

- *•**»[■ -(£?> 

■ f 1 f av *@ B Wllh.l CCl»i ) 

-A 0 

h-1 e -T'(X-l 0 •>» T-tAO^l-kCsril- si7 f ^ ft) _ "i 6 Cfn) - r e Cj + 

T "h iwrtl - "UsrO - '537 { i'tHi'O - t*^S37) -it- f! + 
L ^CTft J *' l ° 

*.LTeN>t)-t(sn) - E *y*iiLz }]&-»■ 

ituL'iUj'fs) - ^ ten') - sn U*twO - si?) - g. } *i 

/ iJMvf'o J "l- 


Ar. A 


= j.[ A^ie-'+cie- s%?[,J*ni-we-‘ H *J , - 0 ?O i J+ 

s 3t7-]T' 10 8S / 


A4 ^ cohkh UK* 1 ^ 

£ pr,i«t»/rte l n 1 . = H.yrtO-H‘»*- S * 


171,^7f SK/[fci«| fCtHj.) 


o>) 


*IK* *'*-*■* des+YOc+lOH 11***'* i^-o_ tiAJ fffiA 

**-A + As ■+ u *~ <_jn* ku\b't>* v" fM^r; 

CD *’t -+ u t Cah LTdVota b +kf; «hvUe^Ht^t j fch. 4 w'+k 1 ero Y> 

*.kc e*-fin^* ft AJf^H ^ ^t^). Th-e 

1 't r*$wlf ^ ■( I?* 1, t ^-c cyv 4^ ^ 

Ej <o 

—— - 4rr- 373,^7 S' - ^ 77 B K/|i». # |Cct HJ -*-— 


Aia *■ ** tij b* <. 

e= £»*■«* = UM21 .- 0 .fc%A .- 

Ef^ci y^vvfH' 


1* 1 v'^L—Ci-^f Ct**p. 13 to ^ 4 u J k Ai^i^ io^4jsJL*^A_ *-3 A/ ^ -L j ^ 

Ac <Ll^Av- 'frta^u 4 -Uj^ p*rt ^ 

v £ fi <3 h. ,V ^ ^ lA 1 ^ t ^ 3 ^ ^ 


1 




P-r£ 






J f"i. 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



PROBLEM. \3.l0fe 
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Problem 14.14 continued 
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IT Code 


T = 1200 // K 
p = 1 // atm 

// 1 N2 + 1 02 ===> 2x NO + {1 - x) N2 + (1 - x) 02 
nNO = 2 * x 
nfsl2 = 1 -x 
n02 = 1 - x 

ntot = 2 * x + 2 * (1 - x) 
yNO = nNO / ntot 
yN2 = nN2 / ntot 
y02 = n02 / ntot 
pref = 1 // atm 

// For the reaction 1/2 N2 + 1/2 02 <===> NO 
K = (yNO / {yN2 * yO2)*0.5) * (p / pref) A 0 
// Data from Table A-ziare stored in EQNO.LUT. 
log(K) = LOOKUPVAh(EQNQ, 1 ,T.3) 
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IT Results 


T (K) 

K 

X 

1200 

.0005309 

0 0002654 

1300 

.001015 

0.0005073 

1400 

,001941 

0.0009695 

1500 

.003155 

0.001575 

1600 

.005129 

0.002558 

1700 

007656 

0 003813 

1800 

.01091 

0.005428 

1900 

01503 

0.007460 

2000 

02000 

0.009900 



T (K) 
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Problem 14-15 continued 
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IT Code 


IT Results 


T = 3000 // K 
p - 1 // atm 

// C02 -==> x CO + (1 - x) C02 + m 02 
nCO = x 
nC02 = t - x 
n02 = x / 2 

ntot = x + (1 - x) + x / 2 
yCO = nCO / ntot 
yCD2 - nC02 f ntot 
y02 = n02 / ntot 
pref s 1 // atm 

K = ((yCQ * yO2 A 0 5) / yC02) * (p/ pref)*0.5 
// Data from Table 4-^are stored in 
EQC02A.LUT. 

!og(K) = LOOKUPVAL(EQC02A,t ,1,3) 


T(K) 

n co (kmol) 
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0.1287 
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Problem 14-16 continued 
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l-'X. 


Sample calcufc-fiov^ . Frorvi lahU A-n At T* S40o*k. I©* k = -l. 34.3 k = 0.t4SB £ ). 
SciWuvj } X - 0.1 A~Ue , tl 

Tk«- dx>-h>\ -for" fUe. pl©^- &T« o b-fci*Ue<t tcci wj iT ; <»s -follouiS-. 


/7-Code 

T = 5400 it "R 
p = 1 // atm 

// H20 o (1 - x) H20 + x H2 + x/2 02 

nH20 = 1 - x 

nH2 = x 

n02 = x / 2 

ntot = (1 - x) + x + x/2 

yH20 = nH20 / ntot 

yH2 = nH2 / ntot 

y02 = n02 / ntot 

pref = 1 // atm 

// For the reaction H20 *-* H2 + 1/2 02 
K = ((yH2 * y02*0.5) / yH20) * {p/pref) A 0,5 
//Data from Table «-zi are stored in EQH20 LUT. 
log(K) = LOOKUP VAL(EQH20,2,T, 3) 


T (°R) K n« (Ibmol) 

3600 0 0002884 0.005485 

3750 0 0005258 0 008174 

3900 0 0009183 0.01103 

4050 0.001332 0.01514 

4200 0.002056 0.02016 

4350 0003922 0.03084 

4500 0.005970 004061 

4650 0.008814 0 05232 

4800 0.01272 0.06629 

4950 0 01797 0.08271 

5100 0.02491 0.1017 

5250 0.03391 0.1233 

5400 0.04539 0 1476 

5550 0.05961 0 1740 

5700 0.07733 0 2030 

5850 009897 0.2341 

6000 0.1251 0.2671 

6150 0 1566 0.3018 

6300 0.1941 0.3380 
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x co z r£ee> t + * Co * 0 o t 
Z ■=. i■ 0 -» eC otz o-i 


O: -4 -. <U)Ci) -f ©.i + 1 . p £> fl:0-t 

Tk *| 

Z C<?* -+> h 6 C0 t -f. 0 . t CO + 0*1 0, 
Th* 1 m,v fy^f rf hi 2.1* 


At € U *4 

K : Lo.l][» n 
(•8 


COt 

-4 


Co 4 1 O t . Act /f 7rf A r# r fur ^ 

m""'" 


<•0 


. r>240O H . PromT^A-Xl .k^-l.w^n --0.QZ0W 
povma^ +or p ^ u,'VU ? re ^ *■ t 

r H-rr) [is i<»^crt.)j \ 5 , aKv , 

I ke -for O^ra obkuweJ ujin^ (7,6.$ ; 

/TCode 


p - 0.5 // atm 

// 2 C02 -► 1.8 C02 + .2 CO + 0.1 02 

nC02 = 1.8 

nCO = 2 - nC02 

n02 = 2 - nC02-nCO f2 

ntot = nCO? + 2 + 0.1 

yC02 = nC02 / ntot 

yCO - nCO / mot 

y02 = n02 f ntot 

pref = 1 // atm 

// For the reaction C02 <-> CO + 1/2 02 
K = ((yCO * yO2*0.5 ) / yC02) * (p / pref) A 0 5 
//Data from Table A-27 are stored in EQC02A.LUT 
log(K) * LO0KUPVAl{EQCO2A,1/T\3) 



IT Results 



K 

T (K) 

p (atm) 

0 01714 

2367 

0.5 

0 02425 

2427 

1.0 

0.02970 

2463 

1.5 

0.03429 

2490 

2,0 

0.03834 

2511 

2,5 

0.04200 

2529 

3.0 

0 04536 

2544 

3 5 

0.04849 

2557 

4 0 

0.05143 

2568 

45 

0.05422 

2579 

5 0 

0.05686 

2588 

55 

0.05939 

2597 

6 0 

0.06182 

2605 

6.5 

0.06415 

2613 

7.0 

0.06640 

2620 

7.5 

0.06858 

2627 

8.0 

0.07069 

2634 

8.5 

0.07274 

2640 

9.0 

0.07473 

2645 

9.5 

0.07667 

2651 

100 


f\XC<A COV«'QOf\'b\ih* t IC tM/?€ rakw^e 

■* { t I 

intrant* as pressure rw cr^ces,. 
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T (K) 
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W O . ^ r fe ^ +* F— T OW p +4 f r IM* p 

Pf D : P i o t* T VCr rw p Ij-**'* t p i IO ^ h*% ■ 


LA*^ 


€^gfJUg6gl(U& 4lOP£L I Tk£ ^fUilibriUM MiVttrc <* Model C<f *r ** *V?Af ynj luir/vre. 
/if*A lV S/ jr Tkc r**.cKih* 4-*.r*r t^e 


l o 9 f HvO -f- * ^4- -+ jS 


H: Z » i - ■R ** ^ * i * - *07 

0* f " o.qr * 2/* , j 5 i 0 ozr 


"T* * i 

( i4 t0 _a* o.^y H ( .o t Q or th+ OotrO^ 

"TV* a ^ o£ iMpjffb*,* Cl t-fe£f~ k~+*K 

At 4^»'f[*rj*h. M u o ^ H L * { 0 £ . Accbri,-* j/*j f (+IT ftter -ft* 


k- &-«or®w] ’ 4 f **w 7 
o^7 *- ''“ r -i 


(<* ^ 


^ftKvpIe ti«.ta^fg.kfr». . r = zioo R . Fro*^ TzUjl le>q io K a -Z.oss |< 

S«>tviU<§ for f , UoiVU p fC f. ‘*•1 a\r+ 


(L21S\\ 
\ e.ozsJL 


(Q.oo<\\( > n, > i (o#s) 
0 . 0 $ 


}->■ 


24^_ ftfvvv 


-fpr j{ai y^jj.rzA. &re ob-W^e^f lt, 04 fo il^^s ; 


0*«o^ tblZ' 


IT Code 
p = 1 // atm 

// H20 -> 0 95 H20 + (1 - 0 95) H2 + {(1 - 0.95) i 2) 02 

nH2O = 0 95 

nH2 = 1 -nH20 

n02 = {1 - nH20) / 2 

ntot = 0,95 + (1 - 0 95) + (1 - 0,95)/2 

yH2Q = nH20 / mot 

yH2 = nH2 / ntot 

y02 = n02 / ntot 

pref = 1 // atm 

// For the reaction H20 <-» H2 + 1/2 02 
K = {{yH2 * y02*Q5) / yN20) * (p / pref) A 0 5 
//Data from Table A-27 are stored in EQH20.LUT. 
log(K) = LOOKUPVAL(EQH20,1 1 T.3) 



IT Results 


T (K) 

K 

p (atm) 

2568 

0.00822 

1.0 

2613 

0 01007 

1.5 

2646 

0.01162 

2 0 

2672 

001300 

2.5 

2693 

0.01424 

3.0 

2711 

0.01538 

3 5 

2728 

0 01644 

4.0 

2743 

0.01744 

4 5 

2756 

0.01838 

50 

2767 

0.01928 

5.5 

2778 

0.02013 

6.0 

2788 

0.02096 

6 5 

2797 

0.02175 

7.0 

2806 

0 02251 

7,5 

2815 

O 02325 

8 0 

2823 

0.02396 

6 5 

2831 

002466 

9.0 

2838 

0.02533 

9 5 

2845 

0,02599 

ICO 


?or fiVerf 

iu creases ca p re<**j.fe mereasej. 
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P|2oGteM !•*.£? 


't ' APSIel ‘ H»oi,; »-,» x (Uj 

T or '^' l• br.V»* «<u»W «j*- l*iv^ -R._^ 7 - 

Cr^j.tK^, ^ Wnd), uC D.S-K.WH NiO(sj 

f^D.’ P 1 o t x Vtf r i vij T *-^ i/ro 5, 4 00 /t, 

£No>H*]ceRnQc» moOtL : t^TU^uCfihriu** m^fiHure ^ ^ f 5 */ 

, C 1J A> t ,'j ,^ r r t, 

A *3 A l yS 1 S ! T^ir r«*Hr»i* +* ** * *t Hf -fo* y*- 


I W^Ol}) + * "*> 0- £ r 

Hi z - <** o<r 

Ol I c ot + ^ (3 0 i 0-M 

Tifcwi 

Ml O-rtAM}) 4 ©O'" «t t 

TU« *-<[ i^iT.fvi'# i*j *v - Q-tj'-fy ^ t*tT<"X . 


A+ ^ fc f ( f?r # o« 

K. = [o.rXo^) 


Co.q 

ii'nc*. p/p rC f’-l, Htu nt<U«i5i +0 

|< -.- - --r =:> X 

(l.tS 


^ . ^cc w dj 1 6^ 

V/W* 

' LT^J 


[\kc^T~ *‘ Z5 J 


■Scwupl^ t^OxU-K^v. Frow, Tatu A-Zl T - 3000 K 

TU^Jua X " \ l Q, 0 H . 


W-Sy -ktej fk* -(v**-* 


> U 5**&- -'*343 *5>K*0.o45*W. 


oSoUmW. IXj GA fol/lou* ; 

/T Results 


TVe. trv 4W 

JT Code 

P = 1 // atm 
T = 3000 // K 

// H20 + X N2 0,5 H20 + alpha H2 + beta 02 + x N2 

nH20 = 0.5 

alpha = 1-0,5 

n H2 = alpha 

beta = (1 - 0.5) / 2 

nC2 = beta 

ntoi = 0.5 + alpha + beta + x 
yH20 = nH20 / plot 
yH2 * nH2 / ntot 
y02 = n02/ntot 
pref= 1 //atm 

// For the reaction H20 «-> H2 + 1/2 02 
K = ((yH2 " yO2 A 0.5) / yH20) * (p / pref) A 0.5 
// Data from Table A-rrare stored in EQH20 LUT 
log(K) = LOOKUP VAL(EQH20,1 ,T,3) 

for U^Y^OslKiM, |U itAMCS ©f |-l^O 

U X| Oa4sj6 0^ ( H^Vjl oaamDu^ of \ue,Tr+ ^4 z 
r -€^jtcvn^A At ^ 4<Xcj>^^o,i<-\YC 

*4 ftXcA prtMturc. 


T(K) 

K 

x (kmol of Nj) 

3000 

0 04539 

120.1 

3050 

0.05346 

86 24 

3100 

0.06295 

61 84 

3150 

0.07345 

45 09 

3200 

0.06570 

32 79 

3250 

0.09897 

24.27 

3300 

0.1143 

17 89 

3350 

0.1309 

13 34 

3400 

0 1500 

9.856 

3450 

0.1706 

7.339 


120 


100 -. 



" 1 1 T 1 r ■ ■ i » i ^ 1 > ■ • i ■ ■ > i 1 . i . ■ 

3000 3100 3200 3300 3400 3500 

T (K) 
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problem \4 z4 

1 A- vessel -2./t,*u*W /j AJ t a. K j ( /(,H-e>/<j o 4 . 

S ’l'-" ***** b~re W T. ; O x «w< A/C -fotn^t aJt («.+>*,; T. 

FV^JP- Pltf+ K>D Vfr;wJ ”77 

c KiG i fJEEjR.iK)G- yVlOPC^ ; The t*4 £&_/ £jct$ w%&<A£j ct^p/i ii, 

A ^ A u T 111 “ ~T U-* /rath t» r 1 ^ -fo r 


*^^1. I <3 ^ X +* y 0-ir 2- AJO 


K> \ 

4 - U *■! 

-2 5 4 -2* 



o: 

1: *y+z 

% z - * y ■* 

(4-J^.) .s> 

Y-- * w 

Af 

*-J >/, {, br, y.w 

W* i *\ 5? 

wo . Ac 

To^7*~> 


K = 

L4 - 1* 3 

*f" 

( e {M> f 
L ~ J 



HIT) ~ 


[<4- Z.x"J 

[xfx-oy/2. 


to 


TV<$ e*.press.* cm, ii fWtf aw*. W s^W«d ft^Uj-HcaJlU ^ * “s <*- 

®^ - _ l<CrJ - T^ W I * ««*- ^ oUtwA^W JjVt-rt V/oJ.<Mi of T Wtl'iAi 4 aA*s. -Co*- 

■fotloiot^ AW®'f**4w*Lj, c*cJtt -fo»- -fU* R,^ju r*(^(of are^obU 1 wijJl 


K-Ct ) -fror»\ TciloW 4 
Ui iVvg 


IT, <« 



IT results 



it Code 

T ( a R) 

K 

n N o (ibmol 

p - 1 // atm 

3600 

0 02000 

0 02799 

T ^ 5400 // *R 

3600 

0 02663 

0.03713 


4000 

0,03441 

0.04779 

// 2 N2 + 1 02 x N2 * (x - 1) 02 + 2 * (2 - x) NO 

4200 

0.04342 

0 06002 

nN2 = x 

4400 

0.05366 

0.07379 

n02 = x * 1 

4600 

006510 

0.08898 

riNO = 2 * (2 - x) 

4900 

007774 

0.1056 

niot = x + (x- 1 ) + 2 * (2 -x) 

5000 

0.09146 

0 1233 

yN2 = nN2 / nlot 

5200 

0.1063 

0.1423 

y02 = n02 / ntot 

5400 

0.1222 

0.1622 

yNO = nNO / ntot 

5600 

0 1388 

0.1628 

pref = 1 // atm 

5600 

0.1566 

0 2044 


6000 

0,1750 

0.2264 

// For the reaction 1/2 N2 1/2 02 <===> NO 

K ^ (yNO / {yN2 A 0,5 * yO2 A 0.5)) * {p / pref) A 0 

6200 

0.1942 

0 2489 


// Dala from Table A-zi are stored in EQNO.LUT. 
log(K) = LOOKU PVAl(EQ NO,2,T, 3) 



As fajLpecal**rC- iwtte*4C5 .if (-wo<£. 

, 'Hul IWcowcA’ oV- kio iu'l/ta 
£^^Arii?nitW Ma\>W*. ^CCeeiteS. 


T ("RJ 
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Problem 14-36 continued 

'T CAM be. U .%tA At 4 m <U+e if n fl.fi i/c ft> Herabur»\ o. I\ua^( c&\oulcJh>' 4o 

luiw^ -Mcle cWt>- iv* 4 W, ^(*4>aac£.. yUjl it prt^vawv f<s> Lloujti. 

IT Code 

T1 = 25 + 273.15 /IK 
pi =5.1 // atm 
T2 = 2800 //K 
p2 = 5 // atm 

// C02 ===> (1 - x) C02 + x CO + x/2 02 
ndotl = 1 // per kmol entering 
ndotC02_2 = 1 - x 
ndotCO_2 = x 
ndot02_2 = x/2 

ndot2 » ndotC02_2 + ndotCO_2 + ndot02_2 

yC02 = naotC02_2 / ndot2 

yCO = ndotco_2 / ndot2 

y02 = ndot02_2 / ndot2 

pref = 1 // atm 

// For trie reaction 002 <===> CO + 1/2 02 
K = «yCO * yO2 A 0.51 / yC02) ' (p2 / pref) A 0.5 
//Data from Table A -27 are stored in EQC02A.LUT. 
log(K) = LOOKUP VAL{EQC02A,1,T2.3) 

0 = Qdot + ndotl *hC02_1 - ndotC02_2*hC02 2 - ndotCO_2’hCO 2 - 

ndot02 2’ri02_2 

hC02_1 = h_T{"C02" 1 T1) 

hCC2_2 = h_T("C02" 1 T2) 

hCO_2 = h_T( ,, CO",T2) 

h02_2 = hJT02'\T2) 


IT Results 

K = 0.149$ 

n__ 0 /ri = 0 8136 kmol / kmol (CO 2 entering) 
2 2 

"co 2 7 "co 1 = 1864 kmo1 / kmo1 < c °2 entering) 

n o 2 /rt CO 1 = 0 09322 kmol / kmol (CO? entering) 
Q /ri =1.916E5 kJ/kmol (CO; entering) 
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Problem 14-37 continued 

PRQ&UEM I4-VJ- C Ccr*i'd,\ Al4»f »ia-h've IE T soj_^tVo>1 

yrcode 

pi = 15 // lbf/in ? , saturated vapor 
T1 = Tsat_P("Sleam",p1) 

T2 * 4500 // °R 
p2 = 1 // atm 

ii H20 -> (1 - x) H20 + x H2 + x/2 02 

ndotl - 1 ii Do calculations on the basis of 11bmol of H20 entering. 
ndotH20_2 = 1 - x 
ndotH2_2 = x 
nd 0 tO 2_2 * xJ2 

ndot2 = ndolH20_2 + ndolH2 2 + ndot02 2 

yH20 = ndotH2Q_2 / ndot2 

yH2 = ndotH2_2 / ndot2 

y02 = ndot02_2 / ndot2 

pref = 1 // atm 

// For the reaction H20 <-» H2 + 1/2 02 
K * C(yH2 * yO2 A 0.5) / yH20) * (p2 / pref) A 0.5 
//Data from Table A-27 are stored in EQH20.LUT, 
log(K) * LOOKUPVAL(EQH20,2,T2,3} 

0 = Qdot + ndotl * hH20„1 - (ndotH20_2 * hH20„2 + ndotH2„2 * hH2^2 + ndot02_2 * hQ2_2) 

// Note: Use the ideal gas function for H20 in order to get the correct 

// reference value for H20 in the calculations, This results in only a slight error. 

hH20 1 = h T( h H20’\ Tl) 

hH20 2 = h T("H20\T2) 

hH2_2 = hJ r fH2 ,, ,T2) 

hOZ_2 = h_T("02",T2) 


IT Results 
K = 0.00597 

"h o 2 o i ~ °- 9594 ibmol/lbtnoiCHjO entering) 
- 0.04061 ibmol/SbmolCH^O entering) 
^ = 0.0203 Ibmof/lbmolfHjO entering) 
= 4.582 X 1 o' Btu/lbmol(H ? o entering) 



/n 
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Problem 14-38 continued 


A tf.lS (CoM'A) TT 


IT Code 

pi = t // atm 

T1 = 25 + 273.15 //K 

p2 = 1 // atm 

T2 = 127 + 273.15 // K 

ndotl = 1 // Do all calculations on the basis of 1 kmol of carbon entering. 
ndot2 = ndotl it Entering streams have equal molar flow rates. 

T3 = 2727 + 273.15 // K 
p3 = 1 // atm 

// C + 02 x 02 + 2x CO +■ (1 - 2x) C02 
ndot02_3 = x 
ndotCO_3 = 2'x 
ndotC02_3 = 1 - 2 * x 

ndot3 = ndot02_3 + ndotCO_3 + ndotC02 3 

y02 = ndot02_3 1 ndol3 

yCO = ndotCO_3 / ndot3 

yC02 = ndotC02_3/ ndot3 

pref = 1 // atm 

// For the reaction C02 CO + 1/2 02 
K = ((yCO * yO2 A 0,5) / yC02) * (p3 / preO A 0.5 
it Data from Table A-if are stored in EQC02a,LUT. 
log(K) = LOOKUPVAL(EQC02A,1 ,T3.3) 

0 = Qdot + ndotl *hC + ndot2*h02_2 - {ndotC02_3*hC02_3 + 

ndotCO_3*hCO_3 ♦ ndot02_3*h02_3) 

hC = 0 II See Table A-25 

h02_2 = h T( M 02 M ,T2) 

hC02_3 = h_T("C02".T3) 

hCO_3 = h T("CO",T3) 

h02_3 = h T(”02",T3) 


IT Results 

K = 0.3275 

rico 3 / r i 1 = 0.5637 kmol/kmol(C) 

ri / ri = 0.4363 kmol/kmoi(C) 

CO.3 1 

ri /ri = 0.2181 kmol/kmol(C} 

0 2 .3 1 

Q / n =-1 246x10 : kJ/kmol(C) 

cv 1 
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Problem 14-41 continued 

? R.otyvC+4 I A. 4i CCovlVcL ) A l 't ,f i *»» Kv-e ^ T 5 o 1 >> cfv\ 


IT Code 

T1 =25 + 273.15 // K 

pi = 1 // atm 

T2 = 227 + 273.15 //K 

p2 = 1 // atm 

T3 a 1427 + 273.15 // K 

p3 = 1 // atm 

ndotCH4 =1 //Do calculations on the basis of 1 kmol of CH4 entering. 

It CH4 + 1.6 (02 + 3.76 N2) -» x C02 + (1 • x) CO + (2 2 - X) H20 + (x - 0.2) H2 + 6 016 N2 

ndolC02_3 = x 

ndo1CO_3 = 1 - x 

ndotH20_3 = 2.2 - x 

ndotH2_3*= x - 0.2 

ndotN2_3 = 6.016 

ndot3 = ndotC02_3 + ndotCO_3 + ndolH20_3 + ndOtH2_3 + ndotN2 3 

yC02 = nd0tCO2_3 / ndot3 

yCO = nd0tCO_3 / nd0t3 

yH20 = ndotH20_3 / ndOt3 

yH2 = ndolH2_3 / ndot3 

pref = 1 // atm 

II For the reaction C02 + H2 +-»• CO + H20 
K = (yCO ' yH20) / {yC02 * yH2) * (p3 / pret)"0 
//Data from Table A-2?are stored in EQWATGAS.LUT. 
log(K) = LOOKUPVAL(EQWATGAS,1 ,T3,3) 

0 = Qdot + ndotCH4*hCH4_1 + 1.6'h02_2 + 6 016*hN2_2 - (nd0tCO2_3‘hCO2_3 + 

ndotCO_3*hCO_3 + ndotH203*hH20_3 + ndotH2_3*hH2 3 ♦ 6.016*hN2 3) 
hCH4_1 = h T("CH4" 1 T1) 
h02 2 = h T{"02“.T2) 
hN2_2 a h”T("N2",T2) 
hC02_3 = h_T(”C02 M ,T3) 
hCO 3 = h_TfCO".T3) 
tiH20_3 = h T('H20”.T3) 
hH2 3 = h f( n H2 ,, ,T3) 
hN2_3 = h_T("N2".T3) 


IT Results 

K = 3.389 

n /h = 0.4326 kmol/kmol(CH„) 
CO.3 CH. 

4 


n / n 

CCL h 3 CM, 

2 4 

h /n = 

V CH 4 

Vfl,3 /0 CH 

2 4 

h Jh 

N 2 ,3 CH 4 


= 0.5674 kmol/kmol(CH 4 ) 
0 3674 kmol/kmol(CH<0 
= 1,633 kmol/kmoKChU) 
6,016 kmol/kmoHCH*) 
Qdot = -1.917 x 10 s kJ/kmol(CH 4 ) 
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Problem 14-42 continued 

PR06C6M 14,42 frowfd.) 


'r-ft Q I U~h cry^ 


i T otjA be u$£^ as an tiA^fncthve, fo r+emfxtn^ uj^ a. koW eafcu^ftv -^o u-fvi^ 
fdile m ifW. e*i£H^5fj boicuute . TU^ IT pre^ra*v\ ^eulouas. 

/r Code 

T1 = 25+ 273.15 fl K 
T2 = 25 + 273.15 //K 
T3 = 1227 + 273.15 UK 
p3 = 1 // atm 

ndotfuel = 1 // Do calculations on the basis of 1 kmol of C3H8 entering. 

// C3H3 + 4 (02 + 3.76 N2) -> x C02 + (3 - x) CO + (5 - x) H20 + {x - 1) H2 + 15.04 N2 

nd0tCO2J3 = x 

ndolCO 3 = 3 - x 

ndolH20_3 = 5 - x 

ndotH2 jf= x * 1 

ndOlN2_3 = 15.04 

ndot3 = ndotC02_3 + ndotCO_3 + ndotH20_3 + ndotH2_3 + ndotN2J5 

yC02 = ndotC02_3/ ndot3 

yCO = ndotCO_3 / ndot3 

yH20 = nd0tH2O 3/ndot3 

yH2 = ndotH2_3 / ndot3 

pref - 1 n atm 

// For the reaction C02 + H2 ^ CO + H20 
K = ((yCO ‘ yH20) / fvC02 * yH2» * (p3/ pref) A Q 
// Data from Table A-z? are stored in EGWATGAS LUT. 
log(K) = LOOKUP VAL(EQWATGAS;1J3,3) 

0 = Qdot + ndotfuerhC3Hd + 4“h02_2 + 15 04*ftN2_2 - (ndotC02 3*hC02 3 + 

ndotCO_3*hCO_3 + ndotH2G_3*hH20_3 + ndotH2_3'hH2_3 + ndotN2J3‘hN2,3) 

hC3H8 = h_T("C3H8 M 1 T1) 

h02 2 - h TC02M2) 

hN2_2 = h_TCNTJ2) 

hC02_3 = h_T( ,, C02" 1 T3) 

hCO„3 = h ffCOM3) 

hH20_3 = H_ffH20”J3) 

hH2 3 = h T("H2\T3) 

hN2_3 = h_T( B N2"J3) 


IT Results 

K = 2.533 

h / h =1.132 kmol/lmol(CaHe) 

CO. 3 fuel 

h In, - 1.813 kmol/lmol(C 3 Hs) 

C0 2 ,3 fuel 

h /h = 0 8175 kmol/lmoKCaHe) 

fuel 

h /n = 3.182 kmol/lmoi(C 3 He) 

H 2 0,3 fuel v 

h ^ / n = 15 04 kmol/lmol(C 3 H 0 ) 
fuel 

Q In = -5.933 x 10- kj/kmol(C 3 H 8 ) 
cv fuel 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






Proijlena 


at 7T °^'"'- .- - ><»**««, - 

<WL(,*f Ct l (U “»^ Qir n/240^ Idtm. /4„ f ? „i_ 

*/ fo ‘, ro / «*«JV °t l»*< *» at 3 *«>•*, /•«*,. 

p_^0: WW—,.*, Hfc, Kf«4 t-aiwf*.- **,„/« + f«t( C.t<7-,V*. 


W*) l 

x*-n°f t- 
Pi i [*^ 


i- \. Co if tftfjci ), 0 X/ ^i5 

t Tj * lbQO°Z / pj 1 tAim 


24 o*F, u —-__ _- 

( 

CAjgjjO£&/£HfCr i*10Dgu ! trt The VOlu^c 'jkkO a ,■« -+ ** arco i’hj i \ *y 

tffteh v{ tiHfh'c ahd pef**4t>( <kfr^, ^ 

TKt «** *f cirp i'd€+t O) tlt*i*rt, 

Amal-tT<_S_ Tk« reaeh’tfbt &f -/Kr +tvt*re ^ "^Jt a«****1 « f a,y -f© 

Ol^ fthd it ^ me n by 

Cj Hg 4 5 0j.+ l*.f «1 -=» CJ-vHoj^ + * CO * .* 0 L 4 4 *t. 0 + if. f A/j. 

“TKa Cl vs* busts*- of- wt* Kirf tff h - (t - O « v r ^ r 4 4 ffcS ** V^* ? * £ 

A( • ,«.('fcr.ltK fO t »> TO ■* ■* , ACCeeU'-j/j , g, /-f.JJ-f**,, 


OJ 


K : 


L 1-0 


■f ?! aw 1 Vl 

If X 1 

L " 

?-< L£7-*** J 


t* Ik.oC’X, Table A-27 yw*J lajpoUT; - i .it 4 **■>*-' )fs 0-00 <3 0& . -S #(MiKa ; x ~ (. | 

Acto - A* ( g(j CU Wet*vvve^ 

Cl l-U -t rc^4 -* JtfMCo,.* O-OI t CO -to.0 4 H 1 O + lf.f\ 

A ^ e v-w^ ra ^ a . la-vC £ at r fb*d^ *C "N> At aci 


-$SX - %r\ ^Cjrtja,) + L^^CT.j-tiMk^ar,)]-(iiot^c.L^)^ 


O - 

y^n» _ a -. . 

0 .eM KteC'Tj'14 O OA\1 l>o^CT t ) f A U Hw ^ 3 ) •+ ^^(.TjiJ 


Pe*, t tm » Y 1 •k* ^ WuO^ A^ “t"~ O °' 

is : „.,ti;«s.W-Iwfl]cH* « « | t-4 < ' 5m) ^-' k wT)]„^,>««rw,.Xe n )] ei 
" <,l ”‘ + 1 tH->- tt T >)- T;ia ' , 0H>o t>M t^ (T ')- h l 5! ' , Ou t -fcfllSH* 

- s ChCTel - WC?n)^ 0i _ - (8.8 CTO -uCm)3A» v 

Vj i A, *. V-*v Jjv 1 ^ ^a**—$ ^ Hfn ^ ~f" ^ 

- 5^on[-h.A,ioo -t 43,V«-4n7jJ ^ e eAit' 47 ' '^* 0+ i#ll T* I7if ‘ ( J "* 

*.04SvL>8;n4-Hir.O 4 <t[-ieV^+ 3rr4|-4vr83 + 

l|.»t»7«r.iWf) -t-KA*»l -S-Lw»-J«r] -lS 8t4f.r-.7w] 

6M I*—• CCj4&) •<- 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 

















Problem 14-43 continued 


PROetBM 1 4A3 (CmfoL) Al-k.^Wv-» IT Sol^on 


IT C 0 vi\ be. as <*m. s.U^wv^a.-Vvve. -bo ibe/rajl-tbix. lol - ^ KjxamI. caltw.lft-'l®' - <jwaJ2 "Ho 

U5i»a<j 4cL.l»t-e- dA^A. iu f-W e/Aev'jij b itloMce-. Tke (T pvajrouvi -fol/lotos. 

IT Code 

T1 = 77 + 459.67 // *R 
T2 = 240 ♦ 459.67 II l R 
T3 = 3140 + 460//'R 
p3 = 1 // atm 

ndotfuel = 1 // Do calculations on the basis of 11bmot of C3H8 entering. 

// C3H8 + 5 (02 + 3.76 N2) -> (3 * x) C02 + X CO + x/2 02 + 4 H20 ♦ 18.8 N2 

ndot_C02 = 3 - x 

ndot_CO = x 

ndot_02 = x / 2 

ndot_H20 = 4 

ndotJM2 * 18.8 

ndot3 = ndot_C02 + ndot_CO + ndot_02 + ndot_H20 + ndot_N2 

yCC>2 = ndot_C02 1 ndot 3* 

yCO = ndot_CO / ndot3 

y02 = ndotjD2 / ndot3 

pref = 1 // atm 

H For the reaction C02 <-» CO + 1/2 02 
K = ((yCO * yO2 A 0.5) / yC02) * (p3 / pref) A .5 
II Data from Table A-1? a re stored in EQC02A.LUT. 
log(K) = l_00KUPVAL(EQC02A.2.T3,3) 

0 = Qdot + ndotfuel*hC3H8 + 5*b02_2 + 18.8*hN2_2 - (ndot_C02*hC02_3 + 

ndot CO*hCO_3 + ndol_02*h02_3 + ndot H20*hH20_3 + 18 8*hN2_3) 

hC3H8 = h_T("C3H8”,T1) 

h02_2 = h T(”02".T2) 

hN2_2 = h_T("N2".T2) 

hC02_3 = h_T("C02".T3) 

hC0_3 = h T("CO\T3) 

h02_3 = h_T(“02".T3) 

HH20 3 * h T('’H20",T3) 
hN2 3 = h_T("N2'',T3) 


IX Results 
K* 0.001306 

ri /ri 0.09071 lbmol/lbmol(C 3 H a J 

CO.3 fuel 

h /ri = 2.909 lbmol/lbmol(C 3 H 8 ) 
C0 2 _3 fuel 

n In = 0.04536 lbmol/lbmoi(C 3 H 0 ) 
0 2 _3 fuel 

Q /n =-1.985E5Btu/lbmol{C 3 H 8 ) 
cv fuel 
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Problem 14-44 continued 
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Problem 14-45 continued 



* Tg, 5oIvi*ia 4 i>evtrffW 


*jJa 


X 9 OM ? 3 J T, ■= Z^24> K «, 


AL.TG&tOA,T\'Je. IT t>OU>T(jQ)0 


-(«iloiu(K<^ IT SoU^W- (nrovldcj; ^IWvA+vv'e 4o Hiiwj Wile. M. 



T1 =25 + 273.15 //K 
T2 = 227 + 273.15 // K 
p3 = 1 11 atm 

ndotl = 1 // Do calculations on the basis of 1 kmol of H2 entering. 

/* Use this section for part (a), comment out part (b). 

II For part (a): H2 + 1.75 02 -»• H20+ 1.25 02 
hr= h T(“H2",T1) + 1.75 * h T("02",T2) 
hp * h_TfH20",T3) + 1.25 * h_T("02",T3) 
hp = hr 
*/ 

// For part (b) H2 + 1 75 02 -* x H20 + (1 - x) H2 + {(3.5 - x)/2) 02 

ndotH20_3 = x 

ndotH2_3 = 1 - x 

ndot02_3 = (3.5 - x) / 2 

ndot3 = (5.5 - x) / 2 

yH20 = ndotH20_3 ! ndot3 

yH2 = ndotH2_3 / ndot3 

y02 = ndot02_3 / ndot3 

pref = 1 // atm 

H For the reaction H20 <-» H2 + 1/2 02 
K = <{yH2 * yO2 A 0.5) / yH20) * (p3 / pref) A 0.5 
II Data from Table A- l^are stored in EQH20.LUT. 
log(K) = L00KUPVAL(EQH20.1.T3.3) 

hr = h_T(“H2",T1) + 1.75 * h_TC‘02 ,, ,T2} 

hp = ndotH20_3 * hH20_3 + ndotH2_3 * hH2_3 + ndot02_3 * h02_3 
hp = hr 

hH20_3 = h_T("H20".T3) 
hH2_3*= h_T( M H2".T3) 
h02_3 = h_T("02".T3) 


>T Results 

Part (a): T 3 = 3033 K 

Part (b): x = 0.9533. T 3 = 2926 K 
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14.46, 


KmqujN: ZS r °Cj 1***1 a* /*irt»t if**4»j ff*tt a* 4 

r€*c+r I^.'tu etjjei fi 4-r^Wj ftt 22 .yO Cj f m f^ a ^*Oeh>c4c*f 

evt’t U+n*. 

^ Jt>: T>*4«r»..nt +*'* >^*4e ef €«t>-OY»^ pi-odu eh'on p«,- K~«f of *„f«r, « 3 -,'f C«) <•*■* 

hush»« *s complete. , <•) an e ,„.t.ta<-■*«» >«i*K.« of h 1( M j{) l e^.-fs 

ScMemnic tC'Vfc-M DATC S«C 14,45" ^e/u+ro*. 

fcUfclk)EER,rl^a0" MoDCL : See Problem l<^,4S SgLu+lgia. 

A *° ^ Ce^pvt-Vt COK^VJ^C^ of- Hi u *fik lSo a /* * x C-r IS 0* '"1 

4* 1 cr» b * J 17 ^ 

+ 1.75*0* -»> H^Ot 115 £>* 

SeUVtfn H PreVlc** 1-4, 4S(<*) gi*n 303^ K* -fk e He ** p* r *-Nr* fk«_ 

fK£tkj<rH ■ 

A+ s+eo-d^j s+«-le e^Kopy r».+ t b<v ta«f« rHure; fr> gfve. 


+ l.xS"S0 t ) t - C*hO| - 1-wtraO, 

*Hx 


<0 


A S ^ * + 2 S ^U^ f -TVW«A-l> 9 ,-v« «»/«-,. K . 

6 t ..kn - + 5-00 K, |.*« - Tho V uo.-4k G> »5. It d.4*. -|-*M* . A-^ 

2.2.0.583 k 7/kwoI ■ < . Th« p^o d u> efjt PKi't 04 ». K^,' x Kjk < a"t 

503%^ ; "*■'*'• t-6^potih'e« y Ct ; , s*h.o« '/z.ir- Th»j,w,'ft, fc.JJ.u 

d» + »- Wcy^ 

*««> = C«a ClojQ ~ * *-** - 2-%6.8f- 8.3/V^> ,-Vr * A43.tt K 

Pro^ _ •* 

S«^ a UOJJ) - A An.^6^ = Ag4.8f- S-.3<+ ■**- ~J-» i«^*7J M/ti.o/ < 


"X * * .* r-K **j v&Uf; £ <J * C»> 

°k , 4 ^wx***-*”)- no.n - .,-»rf »»■«*)» ,3< '''®^^r K 


■Co.) 


tb) Tbe reAth'c n rs dfteri bt J 

^7S 0,^55* H*,0 ^>04? -4- f’Wzro*. 

Tbt + < of *fke j?(r*oiv4tr Ci *lof& *'**<{ f ** +*v* Soljh'On^C* Pr©b/ew^ ^4'4-5"C&) 

CO. * 

A I- £ ^e«Loc«/ *fo 

Hi, (£>.«!5? ST^o-4 0045 r Hl + l-^virso,.) - (s i „ 1 .') ( - fSoi"),. W 

fr* t t*'* I»ut <a J |'n ^ A rt ( O } <xt»6^. "TKjt pr'criwcts 

<e^r* & v^r^fv^ * + i^u t ; u*,‘tv +**e ct>*»pb V 'ft'tn* 0 ^5r/i,i7ir 

^i+ v ' 0 ' D4r /i,4.7Zr/ 1 a'7ZS/^i7i > \ F^. 

= M lo = *«\ # t^ifc ) - 5 JU a M t0 = a J«V. 8 8 - &.3N afc J/W < 

s«^= s^w»4l ao,< 05 ' »•*«-** 23V.Vb«/fa .»»-K 

r 0i , *; t (»A»0 - 8 *- TK » >83WO- ».J*f ^ £££- -- 

Tn^-oK^o, Vfc , u p f ,-nbo 6 V C^) ^ te) 

0 fit - ^,T^ 5 .oO+(o.o4r)^VW6)t(l 272rVW.22)- 130.57- 

^Hv 


^ ^ irwf-tv* e^^rop^j pn^ducfl^ of- pCiH-Cb) 5 uresis 4Wcf covnple4^ 

MioaVcJ. not GCoiur iA.i^4v**4i^e op<LCL(U'ed CArvuli+ittv\3. 


Combustion 
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1+-47 

*. I’n/nl^ki/Wt^if* 0|)r4‘^ At jE=^<L_j 

SUJtj. 4 ^ At fj u*/i<> *f Z_y%^fH,. 

X^> y^ C©L^fcuih'^ e* f #- Uf*~i A*d 7* 

fL ^— ^ C ou+bujfrt* is £*0 *iutfi'br*'ltt+** 

^^hAtt rj M^i ( P l; ^./^ «*.,-**. 

5c*xM*Tft t £m/taj D * 7 ^ ; 



i ^ P»a* i^ c f* ^ | £< fu*, 7 


* O ) 'T l ^« Uft Vvtj j vi(utH( ^Uoulm ^Uo ^ +" £ <U ^ 

(V) Por+Uc OcrwVv,* V 4 (v^ (i. Sv - <p ft-<J te;*« Hx/i*<>M-h'-t CfcA^jycf/feft 

(?) r*v» Viw <?«* w-*AlJ W o^filfuJU* . C4f Xv p*W <ftj 
do ba ^ &** w UJi^p i ^ M , ~IU I (6 j <£<* € ^ wi (, hr - L^-V Ki^j {S <J 

ft *g fa U | I < 5 ■ ^ i * Cj8™lhwj( | ft A*_* c fi yvi u> i f"k f 0 o J f^-o rt (y O"—t <* tV m 

O-ft^+ |-6S^ L ^ + 

A^v ro~tx. 4>^ AjlJLu cj- 3 t*j < fu ^ i t# Hg h Ufa or 

0 ~ £^f 4- ^1 HtO Hr C8@Cj<fV^Vlw z — (>fT^ -, J. BB>Cj^J 

T™ Ur h -i *UuJ £ <X-J fvtt-U of-*. 

0 _ 0 ^. 41 , c <^ •+• k Bio (.-r} - ^o*] -vi-e% L U^ 1 - s t&fJ -0 

°r 

Uv\,o(Jt) *+ U^Cr) — ^ 0~L2. . Stftvioj x 4-#Y<\4>v-t^ lmT-K^. 

+4ie iak ; T^ 252£ K ^__ 

(b) If t !i *** 4 -fur i^-4 f^« ^ cb’fU ^ 

H x tOT H80^ “*> £'-*) hHj, i" | 

U/kfc^t rt - Cl-*J r X/i_ , Rjr^ Ha,a ^ o^_ vH L o^ 4 P/r*^ = ( 

K=c^5Mf-: fcll& f o) 

A>\ to 0—^*. i^, (_fc TT> 

o ~ C»-rt Cs * u(T i- h ( M,J ] Hvo + X i Ic-r) -U)J- i [x(r)-Ui 

Wi +Vv -*C d^s^j 5 Oi +MuU b^ 

. - , T „n: (-,) *4itl +Jf fu^Tj-itfi.7 v-t-sef^T)-Jr«ij (2) 

o= (.«-nt- J<v '. t “ 4 +<L U «» W -J J y 

0)j(Z} o^> Si<^^t-Wi»«i« X ; T S 0 lv-.«^ 

q (...■fwt^tu <i-*-r<>^ , >cso-o4Sj T= 2 4!1K- 
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Problem 14-47 continued 


4-lfe/yig.jt'i/c, -Soft-c.fign. |7~ 

IT Code 

Tt =25 + 273.15 II K 
T2 = 25+ 273.15 // K 
p3 = 1 // aim 

ndotl = 1 // Do all calcualtions on the basis of I kmol of H2 entering. 


II For part (a): H2 + 0.5 02 + 1.88 N2 -> H20 + 1.88 N2 
hr = h_T{"H2",T1) + 0.5 * h_T( ,, 02",T2) + 1.88 * h_T('*N2",T2) 
hp = h_T(“H20",Tp) + 1.88 * h_T(”N2",Tp) 
hp =hr 

/* Use this section fcr part (b) and comment out part (a). 

It For part (b): H2 + 0.5 02 + 1.88 N2 -+ (1 - x) H20 + x H2 + x/2 02 + 
1.88 N2 

ndotH20_3 = 1 - x 
ndotH2_3 = x 
ndot02_3 = x/2 
ndotN2~3 = 1.88 

ndot3 = ndotH20_3 + ndotH2_3 + ndot02_3 + ndolN2 3 

yH20 = ndotH2Cf 3 / ndot3 

yH2 = ndotH2_3 T idot3 

y02 = ndotC2_3 1 ndot3 

pref = 1 // atm 

H For the reaction H2G <-* H2 + 1/2 02 

K = ((yH2 * yO2 A 0.5> / yH20) * (p3 / preQ A 0.5 
U Data from Table A-27 are stored in EQH20.LUT 
log(K) = L0OKUPVAL(EQH2O,1,T3,3) 

hr = h_T{"H2".T1) + 0.5 * h_T("02",T2) + 1.88 * h_TrN2".T2) 
hp = {1-x)*hH20_3 + x*hH2_3 + (x/2)' , h02_3 + 1 88*hN2_3 
tip = III 

hH20JJ = h_Tt ,, H20",T3) 
hH2_3 = h_T("H2",T3) 
h02_3 = h_T("02",T3) 
hN2_3 = h ,T("N2*,T3) 

7 


fT Results 

Part (a): Tj = 2526 K 

Part(b): x = 0.04563, K = 0.004239, T 3 = 2432 K 
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H.4S 


; CM*t 77^/^ C^^rr b^ rti 

t^w^fh'MLJ 7 7^/^. ^ 

£ C^, CC jHiOtj) y Hi, A't'S e-ic'ft ^ 1^, 

F/*->£> * b *, t^e H^-* ^*^2? 

Sc H > 7iC * CtK/ZtO ti^T^; 


W'i^-v 9o f 4 *f 


i p 

T7° f> l«fi«- - f —<— 



ii 

I 3 {co^c*;^#^), Ni,M 

■ * * Tj Utw. 


1*7 *z 1 1 

V7*P,l«h~ 

£j.AJS/)U£ £j£ (Ajfr 

|H fJP^* L 1 C 1 ) Th «* Cc^'vfvof volume c 5 l' 1 t o "t^vrf ix c h Li t ^ a i*/* ^y^cr*rH , <f 

«. k 1 Sf^vfr tu >icv = 0? c */-O <i vi^'y V( !Ci*vt /<■„ 

«.[fctK (3.) TKj t^tr K*y * / j (j/i i/*n ** i^od eled &.£ a ^ f 7 C,/ 

^ Ka,^ ■ C^l i\ cV*^C. 

AlMAUTtH: Co^lwJKo.^ CM, *-,A, ffa. H^, t Voa «-,U4 »- 

« ^we.~ 'o-^_ 6^, /^ 4 («J ( tei^tt/r^on W tv. 40 */,O -f h'^^j «,^ 

fc f^u- T/t* *’A ^^/“t i% cLt4t-r*V-f^ 

CUq 1 - 7b8^ O-*)C 0 *-<- ^ Co -t.(|X+tf) l +i0 + (*4 -*)W L 4 1 ,% 6 /U^ 

^ t u, I p b/'^ COi + Co -t H ^.O t Accty ^ X^j ^ f ,<. J5“ -ft-** 

*• ^ [^r * ^ 

£-*■31 ®-^-*3 

A„ e-,*.^* r<tk fc«.t««£« <vf I h-t. tl 

0 -<][^ + 'Ut 1 -WW)K -v *CX>^IT)-Ttcr7)j ee ^Ci.L + yU^-tu(Tl^(^n)] hL o 
ktT)-\;wn)3x.A.-7<.8 CuCt;- uttrif]^ - £fe.f\«4 

^ M i_ 

Xv> K“*^ ^ c - k ,v ^A ffv ^ 

. -p ,,, -1 n.L 4-*)f-lC4, tf4u 4- “ ^**^7 

^n jcf-4 7r^c t^ctj - 37tj j t / 1 J 

iol - (-«.*»«) 


0- C<**-3 t -u.vjo° * *'o» i " 4oifc 


-t f_o.4-/l C'i'Wi - ■Jt*<‘>l t.-7b8C^-^^0 

TTca] 4- (Tt *A]C" lo ^i I- 1 1" +■ k Ht^l -t 
t».4-|£]C -v C.74.& CZvi-™*? +71, 2-/0 


Of* 

o- Ci->] C'<73, 3l« *" k « 1 l +ltL-‘ J, »3^ 


a) 


VA-^fwa C|) J IZJ arc. s * ^ u I V* r'-fc^g U*. J L*; Vt^X, (jj i*J* V\ V&Ju-t<i. I-h 

(J) 'T^XJLa ^^TSsj T- +0&0*£j V1-0-Z4 93. 


(, fVr' ^jv—gtUjC'fl % ^ctu4jL h^TW C O ^ 

Aj>AtV\#vs £L^U-\4\(VS jO^qcL rr -fW-& V ^ f* —* iXv4-v^-fl O<K<0.^ a 

Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 






















Problem 14-48 continued 

A I SoUi£l6ja. Ust <~T 

IT Code 

T1 = 77 + 459.67 // *R 
T2 = 77 + 459.67 // e R 
p3 = 1 // atm 

ndot_CH4 = 1 //Do calculations on the basis of 1 kmol of CH4 entering. 

II CH4 + 1.8 02 + 6.766 N2 -► (1 - X) C02 + x CO + (1.6 + x) H20 + (0 4 - x) H2 + 6.768 N2 

ndotC02_3 = 1 - x 

ndotCO_3 = x 

ndotH20_3 = 1.6 + x 

ndotH2 3 = 0 4 - x 

ndotN2~3 = 6.768 

nd0tO2_3 = 1.8 

ndot3 = ndotC02_3 + ndotCO_3 + ndotH20_3 + ndotH2_3 + ndotN2_3 

yC02 - ndotC02_3 / ndot3 

yCO = ndotCOJl / ndot3 

yH20 = ndotH20__3 / ndot3 

yH2 = ndotH2_3 / ndot3 

pref = 1 // atm 

II For the reaction: C02 + H2 <-» CO + H20 
K = {yCO * yH20) / (yC02 " yH2) 

// Data from Table A-27 are stored in EQWATGAS.LUT. 
log(K) = LO O KU P VA L(EQ WAT G AS,2 ,T 3.3) 

0 = hCH4_1 + t.8*h02 2 + 6.768‘hN2_2 - (1-x)*hC02_3 - x*hC0_3 - (1 6+x)*hH20_3 - 
(0.4-x)*hH2_3 -6.768*hN2_3 
hCH4_1 = h_T("CH4" 1 T1) 
h02_2 = h T(“02",T2) 
hN2_2 = h”T{"N2",T2) 
hC02_3 = h_T("C02" 1 T3) 
hC0_3 = h_T("CO",T3) 
hH20_3 = h_T("H20",T3) 
hH2_3 = h_T("H2",T3) 
hN2_3 = h_TC'N2",T3) 


[T Results 

K = 5.276 
X = 0.2694 
T 3 = 4003°R 
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■PROBLe-M [-f.49 


KMOOJN CO 7 l a ck vn Itn T4A. I o ^ d rcac kx' Cp C* r-*» fV-t ^ *-t~ 

S 4«-* S’ £*** d <_*-> s -fz+> & * r~- o-+ yy^Ff /a . A>, 

Q^vUi&ruj^ vj CO Xi rcj a t , ^1. e^ ( -f^ Ic*-^ TT 

F/AJ D ’- D< T OCCt^rj +£**-*^* 

&t ^, (to) (00*/$ b' ^ *t(>. 

St^fiSrtATtC f CltfO M D A TA? 




Am 


p- 




^ CO^CO* 

Tj- ' 

Pj p 


CO 

K V 1*1 m 

air aJt 

T t : n *A 
p* «. 1*1» 

gO^tMeC/ZjOo- ^OpgL :(^TKe CPnErpf volume- jsUgum ik fu,* 4*t*u*p,'J 
s,e " i '3 *H.4r t*'>* L - 6t,«V) t| ,s6 &«. J «» 3 l,j;y t hWfc a» 4 F«<r»f\M 

^* 1 *^ *4 u. 1 1 fc»** a m~ f*iylu^ iMfd( tf</ 4J a« iVdAf jaj* f‘4 

+ t *\ l *** rt j c.o+V »** air- {S J i'j i^crt . 

Akj Al_^rt * f .(^)Tvxe fftcf’fln * f CO t-J &G*/ t *>/ ■/ b#p ft *' f * f Ait -fe fc»r u* ft 0, # to fl l; 

11 4 * I c. ♦ * b f J Jb^ 


CO + 0 . 46 ^ + / 5 o 4 M t 


TV, 

frWUt/n' 

CO,. ^ CO 


0o t -f- C i - >t) c<5 ■* C “i ’ 1 ) o t •+ I. re 4 A/ t 


4 lfw'„M f» tu **«■-*) + £°-i: y )-f /■ *M.- (5,fo8-x)/4.. dH (^oWiV.'Hs 
* 4 *-®». • Ate»r d-‘MJ I . t*f.?r +*,fc*f -ft,» ■fi^s 

k / Tl . Cl- K-3C 'V ££2# l\ ^ r 0 ->-y -l' 4 
* ~ U r *°i'*)/*J K L S.I0I-* J 


rci«. A*a 


ra4« Cfyd-h&h 


Anti-th*r *^l»4)0a rtlAK^g K Tj {$ ebb ( >r^ 4r 

^4 s+^ft r«civc*i JiVe 

o+ tl'col, + to.«\+ [*^co,+ f-«jb« + Ce.^Ao, 

rfl4 "u 1 

Tv.,*, "v»4 — o Kr o v *" J **v + l ^'t fc**»w« + 1 r * ^Jj 

o - tWf]«* -\* C'^i-^(W'v.«nO« t + n*«o[t>V * 

(<> y-x)[ u(Tj). t(?n)} e ^ •* t-r»+[ u (t> l - >» (SJ? 

V ’ -V 

Or <i •s-Vrc'-frt'vvA TA-bt^ 

4017-^3 -t C*^^)[-^sVo+ to CTj)- 37 lj jJ 4 

(^■^)t ^CT,) - l?u.,^ -t- I.S-04 f V (T 0 '1 WO - " * 7 ' 5 + 0 W 

F»m <W4 tx> MM-«l«<4e l»<^\ f5, Md °2.j '*•(>* tbr* •] /UAth«> 

4C-* ^ k>l»f 1« w.' V*»“* in Wt I^fc-t 0<X<e-8- £<|t-fl),tl) A- 

)f (Kd Tj . Salwi'i)^ iu I t-u. Va bl t Jo-V-M^ T3 ■= ^I'JS'O 0 ?; Vf - O ■"T’tfc , 

(fc) T Wjl, Ov>i t f CO c*-> T+t-k -4^*4. K ^yvf *Jj Ai'r "H? 4a ^a«a 

C#,, •**« 

Co + i Oa. + [.08^2.-^ * co - J -Ci-K)CO v ^ +i-« y j. 

+tJ (V-, *, t vi +« 1-civU. t«>+^ Co «.~<l C«i., ^ « ■^-^•'*5 A-- V t» 

\o^» LJi *•% VP-t O < X < t , 

TkA -L * n-- n +Ci'yJ + c + i 88 ^$ 7 t+-v)/ 2^44 

Wr-uJ- Co t ^O0^ i0i . 1W,, e? .l4.|rktaH^ 

v t , . . /i 


, , unwo^rwMi 1 . [ _j5_ir^L_~i *■ fl) 

KCT,)- l^pf "—L <-x JLs.?(.-+x j u; 
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Problem 14-49 continued 


Am« 4 K«< itutlt'tn inv«luin 1 Ti H * . ._/ p _. 

. I . « | . ( 7 ** * C4.K abtni wtea +r-o a u\ f Ktr*y 

v*.K»tU r<docw -»t Sfee.dM *-U-fe 4 * Z ' 

O * ^ (o^s 1 ^ ^ L^coli " [ 11 ^co ^ )^do^ * -Sp I*Milj 

Tht* t u*/ 4 |* - o fw- ® ^ A ** 4 M X* 'f 1 *'! k»tCm\A*+\ 

y [ +ttTi)-kl»J)] <ft + 0-«)[>f <-UtT 1 )-Tit»4t)]cD ti + % [kOil-ltf*jl)o t 

+ i-bbC^W -Uuiu]^ - (l°f) co 

N»e>Kv\j +twL+ c* rr* r|^<l E to ; tvc U.J-C. «l«.+ l! ' fr-c^^ 4- 

StL 4 *~bt < T*bl* A-T 3 tD 

X Q-110,530 *• k6*l * 8M>‘O a +(l-*)[j3<lJ ( rao V btV) - < ?3<.4'] t + 1 ^ L^Tj) " 

IS&[Ut,)-S«> < 0*. 1 = -no,lio 


or 


x[ ^t r i)“' ,, i |M ] ♦ O-i0l^nCTi)-Hn,t»43 * 4 LX^on - %»0* 

' -110,530 0-1 

U fc ■U' |/M C IJ J t'Z. ) O^Jt. S ■ K I lf» u t * f fl (/l*-, 'far- Ky * J . 'So^Uti'vCj 

0 ,>v*KvcUj ^>*+^ -f^blc d*.-te y XSO./ZS- , 73 ■= 2-311 je G*?l 0 ®£) 
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Problem 14-49 continued 

IT lx. «-£ olh etlhwnecf itfe. +o om t-fxTa-4-u/e iolw-'hin*. bu Va^tJi m^i'^ 4uJj(e 

- tlx p<~C*j fCum -fcUoiOi. 

/T Code 

T1 = 77 + 459.67 // ‘R 
T2 = 77 + 459.67 // ”R 
p3 = 1 it atm 

ndotCCM =1 //Do calculations on the basis of 1 Ibmol of CO entering. 

// CO + a (0.5) (02 + 3.76 N2) -* x C02 + (1 - x) CO + ((a - x) / 2) 02 + a 1.88 

ndotC02_3 = x 
ndotCO_3 -lx 
ndot02_3 = (a - x) / 2 
ndotN2_3 = a * 1.88 

ndot_3 - ndotC02_3 + ndotCO_3 + ndot02_3 + ndotN2_3 

yC02 = ndotC02_3 / ndot_3 

y02 = ndot02_3 / ndot_3 

yCO = ndotCOJi / ndol_3 

pref = 1 // atm 

// Part (a): 

a = 0.8 

// For Part(b): Set a = 1. 

// For the reaction C02 <=-=> CO + 1/2 02 
K = (((yCO) * (yO2) A 0.S) / (yC02)) * (p3 / pref) A 5 
// Data from Table A-27 are stored in EQC02A.LUT. 
log(K) = LOOKU PVAL (EQC02A.2.T3.3) 

0 = hCO 1 + a*0.5*hO2_2 + a*1.88*hN2_2 - x*hC02_3 - (1-x)*hCO_3 - 
((a-x)/2)*h02 3-a*1.88*hN2 3 
hCO_1 = h_T("C0",T1) 
h02_2 = h_T(”02“,T2) 
hN2_2 = h_T("N2",T2) 
hC02_3 = h_T( ,, C02“.T3) 
hCO 3 = h_T(’CO",T3) 
h02 3 = h_T("02“,T3) 
hN2_3 = b_T(“N2” 1 T3) 


IT Results 

Part (a): 80% theoretical air: x = 0.7658, Tj = 4380 4 R 

Part (b): Theoretical air: x = 0.8751 (Ibmol of CO out per Ibmol of CO in) 
T3 = 4318’R 
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Problem 14-51 continued 




IT Code 

T1 =25 + 273.15 UK 
T2 =25 + 273.15 UK 
T3 = 2950 // K 
p3 = 1 II atm 

ndotCO_1 =1 //Do calculations on the basis of Ikmol of CO entering. 

// CO + (1+XS) (0.5) 02 -> x C02 + (1 - x) CO + ((1 + XS - x) / 2) 02 

ndotC02_3 ~ x 

ndotCO_3 = 1 - x 

ndot02_3 = (1 + XS - x) / 2 

ndot3 = ndotC02_3 + ndotCO_3 + ndot02_3 

yC02 = ndotC02_3 / ndot3 

yCO = ndotCO_3 / ndot3 

y02 = ndot02_3 / ndot3 

pref - 1 // atm 

// For the reaction C02 +-> CO + 1/2 02 
K = (((yCO) * (yO2) A 0,5) / (yC02)) * (p3 / preO A 0.5 
// Data from Table A-27 are stored in EQC02A.LUT. 
log(K) = LOOKUPVAL(EQC02A.1,T3 1 3) 

0 = hCO_1 + (1+XS)*(0.5)*hO2_2 - x‘hC02_3 - (1-x)*hCO_3 - ((1+XS-x)/2)*h02 3 

hCOj! = h_TfC0" r T1) 

h02_2 = hjf 02".T2) 

hC02_3 = h_T("C02'M3) 

hCO_3 = h_T("CO",T3) 

h02_3 = h_T(''02”,T3) 

PCTXS = XS * 100 


IT Results 

x = 0.7019 

% excess oxygen = 107.6% 
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Problem 14-52 continued 


AM-fr/mdwe. •£ofu'k<»\ Usirtj tT 

IT Code 

T1 = 260 + 459.67 II *R 
pi = 1.5 // atm 
p2 = 1.5 // atm 

ndotCO_1 = 1 //Do calculations on the basis of 1 Ibmol of CO entering. 

// CO + 0.5 02 + 1.88 N2 ===> x C02 + (1 - x) CO + (1 - x)/2 02 + 1.88 N2 

ndotC02_2 = x 

ndotCO _2 = 1 - x 

ndot02_2 = (1 - x) / 2 

ndotN2_2 =1.88 

ndot2 = ndotC02_2 + ndotCO_2 + nd0tO2_2 + ndotN2_2 

yC02 * ndotC02_2 / ndot2 

yCO = ndotCO_2 / ndot2 

y02 = ndot02_2 / ndot2 

pref = 1 // atm 

// For the reaction C02 <===> CO + 1/2 02 
K = (((yCO)*(yO2 A 0.5)) / (yC02)) * (p2 / preO A 0.5 
II Data from Table A-27 are stored in EQC02A.LUT. 
log{K) = LOOKUP VA L(EQ C 02A, 2 ,T2,3) 

0 = hCO_1 + 0.5*hO2_1 + 1.88*hN2_1 - x*hC02_2 - (1-x)*hCO_2 - {(1-x)/2)*h02_2 - 1.88*hN2„2 

hCO_1 = h_T("CO",T1) 

h02_1 = h_T("02'M1) 

hN2_1 = h_T("N2 M ,T1) 

hC02_2 = h_T(”C02 ,, ,T2) 

hC0_2 = h_T("C0" 1 T2) 

h02_2 = h_T( ,, 02",T2) 

hN2 2 = h T("N2",T2) 


IT Results 

K = 0.02862 
x = 0.8659 
T 2 = 4422°R 
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Problem 14-53 continued 


N-erA,Uve, Soiu.funA of- S ivwLiA«mr:ou.£ 
IT ; AS fallows. 




ii AXjolJkJ, fc>j uiiU^ 


IT Code 

T1 =25 + 273.15 //K 
T2 = 127 + 273.15 //K 
T3 = 3250 // K 
p3 = 1 // atm 

ndolCH4_1 = 1 //Do calculations on the basis of 1 kmol of CH4 entering. 

If CH4 + A 02 ===> x 002 + (1 - x) CO + (A - (3 + x) / 2) 02 + 2 H20 

ndctC02_3 = x 

ndotGO_3 = 1 - x 

ndoi02_3 = A - (3 + x)/2 

ndotH20j3 = 2 

ndot3 = ndotC02_3 + ndotCO_3 + ndot02_3 + ndotH20_3 

yC02 = ndotC02_3 / ndot3 

yCO = ndotCO_3 / ndot3 

y02 = ndot02_3 / ndot3 

pref = 1/1 atm 


U For the reaction 002 <-==> CO + 1/2 02 
K = (((yCO)* (yO2 A 0.5)) / (yC02)) * (p3 / pref) A 0.5 
It Data from Table A-27 are stored in EQC02A.LUT. 
log(K) = L00KUPVAL(EQC02A.1 ,T3,3) 

0 = riCH4_1 + A‘h02_2 - (x*hC02_3 + (1-x)*riC0_3 + (A-{3+x}/2)*fi02 3 + 2*hH20 3) 

hCH4_1 = h_T(”CH4" r T1) 

h02_2 - h„T("02'\T2) 

hC02_3 = h_TC , C02",T3) 

hC0_3 = h_T("CO’\T3) 

h02_3 = h_T("02" 1 T3) 

hH20_3 = h_T(’ l H20'\T3) 


IT Result 

h /ri.,, = 4.037 kmol/kmol 

°2' 2 CH 4 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



i-f, ^4- 

kno'wm: !•»* e^t »« fl*taUta* «<*«■ sf *-^ *“ d 

V w „„i W f+K+H* +H**yeWci-l *»o«t “#■ <*' r 77°*/I**"- ** 

CCJ v ,co^O t) ^ **H* * + l **““ 

piMO'- T»****«;n«K>^* of Ik *K»’h“^ n»!*Kn'*CW -+^ «*«*$;> des^etiHu 

^ 13^ P*^ Ifcwoi of cMif e>f w .-«3 . 
icheM^mc I: 


IVtsAir 

Tt-"n B P 




V 



y * 


* 
t , 




^TTTvyTyT// 


| / V ^ f °, £>t, At* '8 >/ W ® J 

*Tj ' ? j fj s lai >** 


ew&fi\j esAiNG- ■ . ... , r,. 

— - ivtooe^ .: (I) TV\.« Control vt,lu«Ae rkouu«. i« -i^e otton-pAi*^ i figure 

l’s at S^cojJ sioHe u/i’-l*i Q e y - Wt* i o a*el wrj l/^iii/*. t f'fetis «/ k-twh*. &*d paLtwha.l 
cuer^y, it) Tl»t iueowtt'Kj *'*■ end c k i•fTn <\ u*,y K>ve c^.u b« vwwuri* U<J as 
tie.*V cycles. Cl ^ it <»e»''t*t*) Tt, - S 3 ? . 

,A *JALTSiS'(aJCo^'?v*V'oia >n * + tui M e OJttU '^"kf 'fkjioy't *f nil' 

ft- f>r«d.L>«* COi, C6, Cl; »ki b-t u drft^ib*«J hj 

C.U 4 +Z0 L -^"7.32 t'-*0 <“(>! + 1 cCi> *■ £_ © t t 1 HvO ■*■ 7.321*4 

“fK*. Bfouh-t t-| kMi'* tw^-t |'I u 1 ti■*).***-* ^ -* t-*-”7,ft cCll 04 , A4 

*^uiUbr ( ^«» co-^ ^ ca-* , /'i6i, 4tro f S^. l+'IS" i*.k*t+■&.* jt>r**. 


“ /L f *'" 1 ^ 

L(£l-9++-ft/ , l-. 


1' 


£SkJ a - [ — J 


co 


AtWD V S* / f:^ *. + f o£*v K flirtii Tj C *.v\ a l» + a +‘ n f d fvQ ^ y f'A + C. 

wwuk rtiuctj s+*ftd^5-b*’fre+e _ _ 

Qi w/l Cw«h\ + H-W^VV + *^Co + 1 U Wu. 4TSl u N i 

/£Tm 

T^I^, w ^ X?r fir H ^ ^ 

t ,o t v 5+ L„--u«n.K^ 


\»: 


4att jrovit. + ijl -HJ?I 




mt J 'joo+ l, 'co l ^ 7 a)“ tfttj.rj -t y ^-41,5^6 CTj)-37ZJ.O * vt) -1 0 
+T_ [hd^ci +0 +'k| lvfr C^) - tvse] +7.St[T Ul tr ? J - 27 l<t.s] -*?1; i 10 
twJ^UcuvCTj)- 173 ^^ 3 ^^+kcet^^Sf^fcSj * *C t ke^lTO- ^ 7ir J + t)-i 0 ^ ItiJ 

E.^S ■ COy CO ©.re S i'^u l u< j£ '-mjp »t+ •£, ^U< UJO-etl*^. 

jlr CO ^ctCOiUUUfWfwiuth * w nf <w k fi-.'-iKr^ o< << J, S-ofy.VvJ 
j j**'#. H i/t u^t' drA X « OiJ oS @y ' P ?j ~ * 


Continued on next slide 


Excerpts from this work may be reproduced by instructors for distribution on a not-for-profit basis for testing or instructional purposes only to 
students enrolled in courses for which the textbook has been adopted. Any other reproduction or translation of this work beyond that 
permitted by Sections 107 or 108 of the 1976 United States Copyright Act without the permission of the copyright owner is unlawful. 



Problem 14-54 continued 
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Problem 14-54 continued 

Sotulum USiiVj UP 

tr code 

T1 = 77 + 459.67 //*R 

pi - 1 //atm 

12 = 77+ 459.67 //*R 

p2 s 1 //atm 

p3 — t // atm 

To = 537 // *R 

ndotCH4_1 = 1 // Do calculations on the basis of 1 Ibmol of CH4 entering, 

// CH4 + 2 * (02 + 3,76 N2) -► (1 * x) C02 + x CO + x/2 02 + 2 H20 + 7,52 N2 

ndotC02_3 = 1 - x 

ndotCO 3 ■ x 

ndot02_3 = x/2 

ndotH20 3 = 2 

ndotN2_3 = 7.52 

ndot3 - ndolCG2_3 + ndotCO_3 + ndot02JJ + ndotH20_3 + ndotN2_3 

yC02 = ndotC02_3 / ndot3 

yCO = ndotCO_3 ! ndot3 

y02 = ndot02 3 f ndot3 

yH20 = ndotH20_3 / ndot3 

yN2 = ndotN2_3 / ndot3 

pref = 1 // atm 


// For the reaction C02 CO + 1/2 02 
K = ((yCO * y 02*0.5} / yC02) * (p3 / pref) A 0 5 
// Data from Table A-27 are stored in EQCG2A.LUT. 
log(K) = LOOKUPVAL{EQC02A,2 ,T3,3) 

0 = hCH4_1 + 2*h02 2 + 7,52*hN2_2 * ((1‘X)*hC02„3 + x*hCO_3 + (x/2)*h02_3 + 2*hH20_3 

+ 7.52*hN2_3) 

hCH4_1 = h T{XH4'\T1) 

hD2 2 - h f("02 rt ,T2) 

hN2_2 = h_TC“N2M2) 

hC02_3 - h JTC02' , 1 T3) 

hC0_3 = h_TfCOM3) 

h02_3 = h TC02M3) 

hH20_3 = h_TC'H20\T3) 

hN2_3 = h TfN2M3) 


Edotd = To * (sigmadot / ndolCH4_J) 

sigmadot / ndotCH4 1 = (1-x)*sCG2_3 + x 4 sC0_3 + (x/2)*$02_3 + 2*sH20_3 + 7 52‘sN2_3 - 

sCH4 1 - 2*s02 2 - 7,52*sN2 2 


sCH4_1 = sJ'prCH4 M ,T1 1 p1) 

p02 2 = .21 * p2 

s02_2 = s_Tpr02M2,p02^2) 

pN2 2 = ,79 * p2 

sN2_2 = S_Tp( 1 ’N2TT2 p pN2„2) 

pC02_3 = yC02 * p3 

$C02_3 = s_Tp(X02 , \T3,pCQ2_3) 

pCO_3 = yCO * p3 

sG0_3 = s_T p{XO” 1 T3 ! pCO_3) 

pC2_3 = y02 * p3 

s02_3 = S_Tp(X2’\T3 i pO 2J3) 

pH20 3 = yH20 * p3 

$H20_3 = s_T p("H20yT3 ,pH20_3) 

pN2 3 = yN2 ‘ p3 

sN2 3 = s Tp("N2\T3 ( pN2 3) 


tT Results 

x = 0.109 
T 3 = 4067 q R 

d /A = 189 3 Btu/lbmol(CH 4 )-R 
4 

E /ri = 1,016 x 10" Btu/lbmul(CH 4 ) 

u 
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Problem 14-55 continued 


T1 * 25 + 273.15 //K 
T2 - 25 + 273.15 //K 
p3 = 1 // atm 
x = 1 

ndotCH4_1 = 1 //Do calculations on the basis of 1 kmol of CH4 entering. 


// CH4 + (2 * x) 02 + (7.52 * x) N2 ==> 

// (1- a) C02 + a CO + (2 *x + a 12 -2) 02 + 2 H20 + (7.52 *x) N2 

nd0tCO2_3 = 1 - a 

tKJotCO_3 = a 

ndot02 ~3 = 2*x + a/ 2'2 

ndCtH20 3 = 2 

ndotN2_3 = 7.52 *x 

ndot3 = ndolC02_3 + ndo»CO_3 + r»dot02_3 + ndotH20_3 + ndotN2„3 

yC02 ■ nd0ICO2_3 / 0d0t3 

yCO = ndotCO_3'7 ndot3 

y02 = ndot02_3 / ndot3 

pref = 1 // atm 


//Forthe reaction: C02 <===> CO+1/2 02 
K = {(yCO * yO2 A 0.5) / yC02) * (p3 / pref) A 0.5 
// Data from Table A-27 are stored in EQC02A.LUT. 
log(K) = LOOKU P VAL(EQC02A. 1 ,T3.3) 


0 = hCH4_1 + 2*x‘h02_2 + 7.52*x*hN2_2 - ((1-a)*hC02 3 + a*hC0_3 + (2"x+a/2-2)*h02 3 + 
2*hH20 3 + 7.52*X*hN2 3) 
hCH4 1 * h_T(’CH4”,T1) 
h02_2 = h jr02".T2) 
hN2_2 = h_TC'N2".T2) 
hC02 3 = h_TfC02".T3) 
hCO 3 = h_JfC0".T3) 
h02_3 = h_TC02",T3) 
hH20_3 * h T(’H20",T3) 
hN2_3 = h_Tf’N2".T3) 


IT Results 
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PROBLEM 14 , 5 & 
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Problem 14-56 continued 


Thu* 

* C^«t,T t ) - vih3 * i^e t C.Tt) - t*8t] -* 

J-eaC^UL) - Cl+i )RTj. +*4I<J5\> - 0 

t«> 

E^t-^yC^] a.f€ uU V d T\, *2,+*-«- 

rc.tici^'*' ^*\ it-M i*^J ’H'M4‘ -ftir- Co A nd Co-^ ~f~o L»»r -f 't. . _ 

(U*a sUjC- fa. "Id *»*vf+- 4 m (rt *: < l . Sof^i’nj d‘-W*fi'Vt 

f"-tk eUhfcj xs o.2-142 ; = 27-* 


h 4 -st $ ?& + CM-E4 1. 


2. < ? i O 


Edj.tO +(-*« 


V’““ 


a •/Mg.V”£LWi »wi= 

^-3 -3 ? /k Sbo ^ 

iollouJinj IT SoLaAtW proyiciei ^[‘ierv^Ewe 
+Ci u.t£ c4-~fr*-bl£. 


4<SM ^ -—- 

-k? 4ijL rbc^flJkyc 


JT Code 

nCCM = 1 //kmoE 
n02J k 0,5 //kmot 
T1 = 227 + 273.15 //K 
pi = 1 // atnn 

nl = nCO_1 + n02_1 + nN2 

H CO + 0,5 02 + 1.88 N2 -+ x CO + (1 - x) C02 + x/2 02 + 1.38 N2 

nCO = x 

nC02 = 1 - x 

nC2 = xI2 

nW2 = 1.88 

nZ = nCO + n0O2 + n02 + nN2 

yCO - rCO / n2 

y02 » n02 / n2 

yC02= nCQ2/n2 

pref = 1 // atm 


p2 f pi = (n27 nl) * (T2 / T1) 


if Forme reaction C02 <-> CO + 1/2 02 
K = ((yCO * yO2 A 0.5) / yC02) * (p2 / pref) A G,5 
// Data from Table A-27 are stored In EQC02A.LUT. 
log(K) = Lo o ku py a l(EQ CO 2A, 1, T2 f 3) 


U2/ nCO_1 - (x * uCO_2 + {1 - x) * uC02_2 + {x t 2) * u02_2 + 1.88 * uM2_2) 
U1 / nCO_1 = (uCO_1 + 0.5 * Li02_1 + 1.88 * uN2 1) 

U2 = U1 


uCOJ = u_T( ,l CO" 1 T1} 
u02„1 * Ujrf'02 ,p ,T1} 
uN2„1 = u TCWJI) 
uCO_2 = u.T{"CO" p T2) 
tiC02_2 ^ u„T{ H C02M2) 
□G2_2 ^ U_T("02 M f T2) 
uN2_2 = u T( ir N2 ir J2) 


IT Results 

n 2 = 2.993 kmol 
x = 0.2262 
T 2 = 2760 K 
p 2 = 4.887atm 
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PROBLEM 14. 57 
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Problem 14-68 continued 

AZ-fe/^flA/e, 5o/g-fiory\ iT 

IT Code 

T = 3000 // K 
p = 5 H atm 

II C02 + 02 + N2 -+ (1 - b) C02 + b CO + (1 + b/2 - e/2) 02 + e NO + (1 - e/2) N 
nC02 = 1 - b 
nCO = b 

n02 = 1 + b/2 - e/2 
nNO = e 
nN2 = t - e/2 

ntot = nC02 + nCO + n02 + nNO + nN2 

yCO = nCO / ntot 

y02 = n02 t ntot 

y0O2 = nC02 / ntot 

yNO = nNO / ntot 

yN2 = nN2 / ntot 

pref = 1 // atm 

// For C02 *-> CO + 0.5 02 

K1 = (yCO * yO2 A 0,5 / yC02) * (p / pref) A 0.5 

// For 1/2 02 + 1/2 N2 <-» NO 
K2 = (yNO / (yO2 A 0.5 * yN2 A 0.5)) 

// Look up loglO(KI) in EQC02A.LUT. 
log(KI) = L00KUPVAL(EQC02A,1 ,T,3) 

// Look up log10(K2) in EQNO.LUT. 
log(K2) = LOOKUPVAL(EQNO,1.T.3) 


/T Results 

K-. = 0.3273 
K 2 = 0.1222 
yco = 0.06506 
y C 02 = 0.2574 
Yn 2 = 0.303 
y»4o = 0.03896 
yo2 = 0.3355 
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Problem 14-69 continued 


41+fctnaVw/e Sottc-KV*. Lis mg tT 
IT Code 

T = 2227 + 273.15 // K 
p = 1 // atm 

// C02 + H20 -+ x C02 + y H20 + (1 - x) CO + 1/2 (1 - x - y) 02 + (1 - y) Vk % 

nC02 = x 

nH20 = y 

nCO = t - x 

n02 = (1/2) * {1 - x-y) 

nH2 * 1 • y 

ntot = nC02 + nH20 + nCO + n02 + nH2 

yC02 = nC02 / ntot 

yH20 = nH20 / ntot 

yCO - nCO / ntot 

y02 = n02 / ntot 

yH2 = nH2 / ntot 

pref = 1 // atm 

// For the reaction: €02 <-> CO + 1/2 02 
K1 = ((yCO * yO2 A 0.5) / yC02) * (p / preO A 0.5 

II Look up log10{K2) in EQC02A.LUT. 
log(KI) = LOOKUP VAL(EQC02A,1,T, 3) 

// For the reaction: C02 + H2 <-» CO + H20 
K2= (yCO * yH20) / (yC02 * yH2) 

// Look up loglO(KI) in EQWATGAS.LUT. 
log(K2) = LOOKUPVAL(EQWATGAS r 1 ,T,3) 


IT Results 

K, = 0.03634 
K 2 =6.082 
nco= 0.7119 kmol 
nco 2 ~ 0.2881 kmol 
n H 2 = 0.2889 kmol 
nK 2 o~ 0.7111 kmol 
n 0 2 = 0.0004324 kmol 
x = 0.2881 
y = 0.7111 
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Problem 14-70 continued 


Al+tf/v$stn/fix>w Uiiwj IT 
/TCode 

T = 4220 + 459.67 // °R 
p = 1 // atm 

// 3 C02 + 6 CO + 1 H2 -* x C02 + (9 - x) CO + (3 - x - 2y) H20 t (* + 2y - 2) H2 + y 02 

nC02 = x 

nCO = 9 - x 

riH20 = 3 - x - 2*y 

nH2 = x + 2*y - 2 

n02 = y 

ntot = rcC02 + nCO + nH20 + nH2 +■ n02 

yCQ2 - nC02 / ntot 

yCO = nCO t ntot 

yH20 = nH2Q / ntot 

yH2 = nH2 / ntot 

y02 = nO£ / ntot 

pref = 1 // atm 

// For the reaction: C02 CO + 1/2 02 
K1 = <{yCO * yO2*0,5) t yC02) * (p ! pref) ft 0,5 

If Look up loglO(Kl) in EQC02A.LUT, 
log(Kl) = LOOKUPVAL(EQC02A,2,T, 3) 

ff For the reaction: H20 ++ H2 + 1/2 02 
K2 * ((yH2 * yO2*0.5) / yH20) * (p / prBf) A 0.5 

ft Look up iogl 0{K2) in EQH2Q.LUT. 
log£K2) = LOOKUP VAL(EQH20,2,T,3) 


IT Results 


Ki = 0,06034 
K 2 = 0.00952 
n C o = 6.694 Ibmol 
n C Q2 = 2.306 Ibmol 
n H z= 0.3142 Ibmol 
nH2o~ 0.6358 
no2 = 0.00432 
x * 2.306 
y = 0432 
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Problem 14-71 continued 


Alfema W Hs.hj it 

IT Code 

T = 1400 // K 
p = 20 // atm 
K2 = 8.4E-10 

// C4H10 + 13 (02 + 3.76 N2) -> 

4 C02 + 5 H20 + x NO + y N02 + {6.5 - x/2 - y) 02 + {48.88 - x/2 - y/2) N2 
nC02 = 4 
nH20 = 5 
nNO = x 
nN02 = y 
n02 = 6.5 - x/2 - y 
nN2 = 48.88 - x/2 - y/2 

ntot = nC02 + nH20 + nNO + nN02 + n02 + nN2 

yNO = nNO I ntot 

y02 = n02 / ntot 

yN02 = nN02 / ntot 

yN2 = nN2 / ntot 

pref= 1 // atm 

// For the reaction: 1/2 N2 + 1/2 02 «-> NO 
K1 = {yNO / (yN2 A 0,5 * yO2 A 0.5)) 

// Data from Table A-27 are stored in EQNO.LUT. 
log(KI) = LOOKUPVAL(EQNO, 1 ,T,3) 

// For the reaction: N2 + 2 02 2N02 

K2 = (yN02 A 2 / (yN2 * y02 A 2)) * (p / preO A -1 


jT Results 

Ki = 0.001941 

nco 2 = 4 kmol/kmol(CjHi 0 ) 

Ohjo = 5 kmol/kmol(C 4 Hi 0 ) 
n NO = 0.03454 kmol/kmolfC^Hio) 
Ono? - 0.0007319 kmoi/kmol(C 4 Hio) 
n 0 2 = 6.482 kmol/kmol(C 4 H| 0 ) 
n N2 = 48.86 kmol/kmol(C 4 H 10 ) 
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Problem 14-72 continued 


SoJjc±h&kL On %JT 

IT Code 

T = 5000 // *R 
p = 1 // atm 

// H20 -> a H2 + b 02 + c OH + d H20 

I = a + c/2 + d II H2 balance 

1/2 = b + c/2 + d/2 // 02 balance 

ntot =a+b+c+d 

yH2 = a / ntot 

y02 = b / ntot 

yOH = c / ntot 

yH20 » d / ntot 

pref = 1 // atm 

//Forthe reaction: H20 <-> H2 + 1/2 02 
K1 = ({yH2 * yO2 A 0.5) / yH20) * {p / pref) A 0.5 
// Data from Table A-27 are stored in EQH20.LUT 
log(KI) = LOOKUPVAL<EQH20,2,T,3) 

H For the reaction: H20 OH + 1/2 H2 
K2 “ ({yOH * yH2 A 0.5) / yH20) * (p / pref) A 0.5 

II Data from Table A-27 are stored in EQH20_0H.LUT. 
log(K2) = L00KUPVAL(EQH20_0H,2,T,3) 


rr Results 

K, - 0,0201 
K; * 0.02147 
a = 0.09828 Ibmol 
b = 0.03376 Ibmol 
c = 0.06153 Ibmol 
d = 0.8709 Ibmol 
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Problem 14-73 continued 
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A1 fg/;y> g S~a lafurvx (Xs \ i^g CT 

IT Code 

T = 3D0D // K 
p - 1 // atm 

I! H20 a H20 + b H2 + C02 + d H + e OH 

1 = a + b + d/2 fim balance 

1/2 = a/2 + c + e/2 // 02 balance 

ntot = a+b+c+d+e 

yH20 s= a / ntot 

yH2 = b f ntot 

y02 - c/ ntot 

yH b d / ntot 

yOH ^ a / ntot 

pref = 1 // atm 

// H20 «-> K2 + 1/2 02 // Reaction 1 

// H20 ++ 1/2 H2 + OH it ReactEon 2 
// H2 ^ 2 H li Reaction 3 

K1 ^ f(yH2 * yO2 A 0.5) / yH20) * (p / pref) A O.S 
K2 = ((yH2 A 0.5 * yOH) / yH20) * (p / pref) ft O r 5 
K3 - (yH A 2 / yH2) * {p / pref) A 1 

// Data from Table A*27 are stored in EQH2QUUT, EQH20_0H.LUT, and EQH2.LUT. 

// Look up 1og1Q(K) in the appropriate tables. 

log(KI) = LQ0KUPVAL(EQH20,1 p T f 3) 

iog{K2) = L00KUPVAL(EQH20_0H.1.T p 3) 

log (K3> = IOOKUPVAUEQH2,1,1,3) 

/^Results 

Part fa): T = 2800 K 
rw> - 0-8719 kmol 
0.1136 kmol 
r\Q2“ 0.03162 kmof 
n H = 0,02894 kmol 
Hon = 0.06481 kmol 

Part (b): T = 3000 K 
n H 2 o = 0.7884 kmol 
nn 2 = 0.1755 kmol 
rim - 0.04983 kmol 
n H = 0.07216 kmoJ 
noH^ 0.1119 kmol 
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